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PUBLICATIONS  OF  TUK  KAETHQUASE  IKYEBTKUTIOK 
COMVETTES.  vats.  SECTION  A. 

Observation  of  Local  Earthquakes 

on  Mount  Tsukuba,  in  1905. 

By 

F.  Omori,  Sc.  D., 

Member  of  the  Imperial  Eartbqaake  Inveetij^iion  Committee. 

With  Pin.  I— VL 

JPtaee  of  obmerwUion.  The  present  paper  is  a  preliminary 
report  on  <li6  sekmometiical  measurementB  made  in  1905  at 
H.I.H.  Prince  Yamashina's  meteorological  station  at  Tsuknba,  a 
small  town  at  mid^he^t  of  the  southern  slope  of  the  Tsukuba- 
san.  The  latter  is  a  mountain  of  granite  and  diorite  formations, 
which  is  situated  in  the  south-western  part  uf  the  pio\  in(  e  of 
Hitachi,  and  which  rises,  almost  as  a  soHtary  mass,  to  an  elevation 
of  870  metres,  directly  out  from  the  low  plain  bordering  the  lower 
course  of  the  river  Tone  and  the  Kasumign-nra.  The  geographical 
position  of  the  meteorological  station  in  question,  which  is  240 
metres  above  the  sea  level,  is  ^=36"  12'  22"  N.,  i-liO"  5'  66"  E. 
A  full  account  of  these  earthquake  ohservations  as  well  as  those 
made  at  His  Highness'  Meteorological  Ohscrvntor}-,  established  in 
1901,  at  the  top  of  one  of  the  double  peaks  of  the  Tsukuba>san, 
will  he  given  as  an  appendix  to  the  **  £rgebnisse  dermeteorologi* 
schen  Beobachtungen  auf  dem  Tsukubasan." 

JflMfrwiraeffif.  The  observations,  whose  object  was  the  study 
of  the  near  earthquakes,  were  made  with  an  EW  component 
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horizontal  tremor-recorder*  (shown  in  the  accompanying  figure), 
whose  instrumental  constants  were  as  follows  : 

Weight  of  tlie  heavy  bob = about  15  kg. 
Maltiplication  ratio  of  the  pointer— 90. 
Natural  period  of  the  horizontal  pendalam^  about  4  sec. 
Rate  of  motion  of  the  smoked  paper  wrapped  round  the  revolving 
drum— about  8-16  nun  per  minute. 

As  the  town  of  Tsukuba  is  very  quiet  and  free  from  the  effect 
of  traffic  and  similar  artificial  disturbances,  the  site  of  the  meteoro- 
logical station  is  particularly  well  adapted  to  the  observation  of  the 
small  local  shocks  ;  there  being  no  great  amount  of  the  pulsatory 
oscillations,  due  to  the  rocky  nature  of  the  mountain.  On  ac- 
count of  the  same  latter  circumstance,  the  majority  of  the  sensible 
earthquakes  were  preceded  or  accompanied  by  sounds. 


*  This  iastruinent  is  similar  to  those  deecribed  ia  the  "  Publicatioiis,"  Na  18,  and  tho 
"  Bulletin,"  VoL  I,  No.  4. 
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The  observations  have  been  carried  on  b}'^  Mr.  J.  Sato,  chief 
observer  of  the  Tsukuba  observatories,  Mr.  H.  Tsutsui,  assistaiit 
observer,  and  others. 

£M  file  MrfAflraMOiM  •toer««tf  €m  IMS.  The  tremor* 
recorder  is  sensible  only  to  the  quicker  component  of  the  seismie 
motion,  and  recorded,  in  1905,  four  hundred  and  eighty-seven 
earthquakes,  whose  epicentral  distances  were  each  leas  than  1,000 
km,  which  is  nearly  equal  to  the  distance  of  the  Tsukuba-san  from 
either  the  north-eastern  end  of  Hokkaido  on  the  north,  or  the 
northern  part  of  Kyushu  on  the  south-west  The  accompanying 
list  gives  for  the  EW  component  of  each  of  these  shocks  the  fol- 
lowing particulars:  — 

(1)  Date. 

(2)  Time  of  earthquake  occurrence,  given  in  the  Ist 

Normal  Japan  Time,  or  that  of  longitude  135"  E. 
of  Greenwich. 

(3)  Intensity  of  motion,  distinguished  as  dii^hi,  or  wo- 

UtraU.  None  of  tlie  earthquakes  was  ^imi^  or 
destructive.* 

(4)  Total  duration. 

(5)  Duration  of  the  preliminaiy  tremor. 

(6)  Maximum  range  of  motion  in  the  preliminary  tremor. 

(7)  ,,  ,,    principal  portion. 

(8)  Remarks. 

The  preliminary  tremor  was  in  most  cases  quite  sharply 
defined. 

•  The  intensity  of  the  non-destrcii>(ire  inarth^uik.' inotion  is  iudioattfd  m  slir^iit,  mo.lorate, 
or  strong.  A  alight  shock  is  oae  which  is  verj  teobie  and  just  oaou;;h  to  be  felt ;  a  modorata 
•boA  U  ooift  whow  aurtloo  ii  wdlp^ononaetl  bat  not «» wnn  m  to  ckom  gMianil  dftna;  and 
a  stroa;  nhock  is  oas  wbioh  It  taSstftatlj  iatsos}  to  e»aA»  p9opl«  rau  oot  o(  doon,  to 
oTsrtura  fumitares,  eto. 


Digitized  by  Google 


4  F.  Omori :  ObMrration  of  Local  Earthquakes 

last  of  487  Earthquakes  observed  on  Mount  Tsukuba 

in  1905. 
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Tifmior 

Prin- 

PoffHoii 

Jcmo. 

19 

b  ro  B 

0  38  SO  a.ii). 

SUght. 

■ee. 

18 

MO. 

nun. 

O.u'J? 

Accompanied  bj  toaod. 

to 

6  »1 00  n.n. 
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0.017 

Tin 

26 

0  49  20  a.iu. 
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20.0 

II 

1  01  -in  n.ui. 

* 

60 

11.4 
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C 

9 19  00  un. 

40 

? 

O.OOfl 

•> 

6  SB  40  pjo. 

80 

12.2 
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The  characteristics  of  a  sharp  local  shock  are  the  shortness  of 
the  duratioD  of  the  preliminary  tremor,  and  the  occurrence  of  the 
maximam  vibration  of  the  latter  aad  the  principal  portion  at  the 
commencement  of  each  of  the  respective  phases.  In  the  cases  ol 
the  four  moderau  earthquakes  of  April  6,  July  27,  and  June  11  and 
7,  (Figs.  1  to  4,  PI.  I),  which  were  each  accompanied  or  preceded 
by  a  IduiI  souad,  the  duration  of  the  preliniiiiary  tremor  varied 
between  5.6  and  7.9  sec,  the  maximum  double  amplitude  in  the 
principal  portion  being  0.190  to  0.490  mm.  In  the  earth- 
quake of  June  27  (Fig.  5»  PI.  I),  the  duration  of  the  preliminary 
tremor  was  12.1  sec.,  the  maximum  motion  being  0.183  mm. 

The  two  earthquakes  of  Sept.  21  and  Oct.  2,  (Kiga.  6  and  7, 
PI.  II),  which  were  larger  than  those  above  mentioned  were,  accord- 
ing to  the  report  of  the  observers,  not  accompanied  by.  sound. 

Of  the  six  small  local  shocks  whose  diagrams  are  given  in  PI. 
Ill,  that  on  Sept  2,  (Fig.  8),  was  accpmpanied.by  loud  spund  and 
was  moderate  in  intensity,  although  its  maximum  motion  was 
only  0.094  mm;  the  prelimiuai-y  tremor  having  lasted  13.1  sec. 
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The  slight  eorthquakes  on  May  26  and  Sept.  20,  (Figs.  10  and  11), 

were  also  accuiniiaiiied  by  sound,  which  was  loud  in  the  case  of 
the  second  shock.  Of  the  remaining  three  insensible  earth- 
quakes, (FigB.  9.  12,  and  12),  those  on  Oct.  2  and  Sept.  19  were 
extremely  small. 

Of  the  four  moderate  earthquakes  (PL.  VI)t  whose  origins  were 
at  some  distance  from  Tenkuba;  those  on  July  7  and  Nov.  1,  (Figs. 
14*  and  15),  arc  reported  as  having  been  accompanied  by  no  sound. 
The  other  two  shocks,  which  liappened  on  June  12  and  May  26, 
were  eacli  preceded  l»y  loud  sound.  The  slight  earthquake  on 
Oct.  10  (Fig.  18}  was  similar  to,  but  much  smaller  than,  that  on 
May  26  (Fig.  17). 

The  diagram  of  the  earthquake  of  July  7  (Fig.  19),  which 
was  accompanied  by  sound,  presents  an  appearance  of  two  shocks 
happening  in  succession,  the  motion  being  comparatively  large  in 
the  prehminar}"^  tremor,  which  was  of  a  long  duration  and  lasted 
62  sec.  In  fact,  this  earthquake  has  been  reported  by  the  obser- 
vers at  Tsukuba  as  two  distinct  ones,  whose  intensities  were  ^igiht 
and  ntodmte  respectively.  The  diagram  of  the  earthquake  of  Aug. 
25  (Fig.  20),  indicate?*  the  similar  peculiarity  still  more  markedly; 
the  motion  in  the  preliminary  tremor,  which  lasted  90  sec,  l)eing 
not  mueh  smaller  than  that  in  the  principal  portion.  This  earth- 
quake was  also  reported  as  two  separate  ones,  each  of  which  was 
tli^  and  was  accompanied  by  sound.  The  latter  circumstance  is 
very  interesting,  as  it  gives  support  to  the  view  that  the  earth- 
quake bdiiiid  occurs  not  only  in  the  preliminary  tremor,  but  also 
in  the  principal  portion.  The  two  unfolt  earthquakes  on  July  7 
and  Oct.  10,  (Figs.  22  and  23),  are  much  similar  in  character  to 

*  Tbo  nro-pcMitioa  of  the  recording  pointor  of  ttwinstrumoat  auffered  soum  dt«|>laoeBi0iit 
dnilBg  tli*  ilMliing. 
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the  two  shocks  above  mentioned.  Fig.  21  repre:<eutjj,  on  the 
other  hand,  a  case  of  two  really  distincfc  earthquakes  one  of  which 
was  moderate  and  the  other  dight,  happening  in  quick  sacoession. 
Finally»  the  two  earthquakes  on  June  27  and  Sept  2  are  examples 
of  shocks  of  somewhat  distant  origin,  whose  preliminary  tremor  is 
small. 

Mfm-ittion  of  the  ttreiiMtinary  tretnar.  The  relative  fre- 
quencies of  the  different  lengths  of  the  duration  of  preliminary 
tremor  less  than  40  sec.,  measured  in  the  cases  of  329  earth- 
quakes, were  as  shown  in  the  following  table 


Daratioa  of  PreL 
Tremor. 


Number  of 
Earth^aakes. 


Dn rat  ion  of  Prel. 
Tremor. 


NamU^r  of 
Earthquakes. 


mc  ate. 


1.0—1.9 

2.0—2.9 
3.0—3.9 
4.0—4.9 

5.0—5.9 

G.o— ti.y 

7,0-7.9 

9.0—9.9 

10.0—10.9 

U.O— 11.9 

12.0-12.9 

13.0—18.9 

14.0—14.9 

16.0—15.9 

IdXK'  16.t»- 

17.0—17.9 

18.0-18.9 

19.0--19.9 


9 

0 
2 
2 
4 
15 
29 
24 
36 
35 
21 
18 
13 
11 
U 
8 
9 
11 
0 
12 


29.0^20.9 

21.0—21.9 
220-22.9 
23.0—23.9 
24.0—24.9 
25.0—25.9 
26.0—26.9 
27.0-27.9 
28.0—28.9 
29.0—29.9 
30.0—30  9 
31.0— Ml.'.) 
32.0—32.9 
33.0-33.9 
34  0—34.9 
d5.0-H».9 
S6.0— 30.9 
87.0—37.9 
3aO-83.9 
89.0—39.9 


3 
3 
4 
6 
3 
4 
0 
1 
2 
8 
5 
I 
3 
1 
1 
8 
8 
2 
0 
2 
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The  number  of  cases,  in  which  the  duration  of  the  prelimi- 
naiy  tremor  was  over  40  24,  as  follows: — 


As  grapliically  illustrated  in  Fig.  26,  PI.  VI,  the  duration 
of  the  preliminary  tre:nor  moat  frequently  occurring  was  between  6 
and  10  sec,  the  number  of  the  corresponding  earthquakes  being 
equivalent  to  the  two-thirds  of  all  the  others.  The  relation 
between  the  duration  of  the  preliminary  tremor  and  the  cor- 
responding frequency  of  earthquakes  will  be  of  course  different  for 
different  places  of  observation. 

Number  of  mensible  m/toekm.  The  total  number  of  the 
sensible  shocks  was  171,  while  that  of  mere  sounds  (not  accom- 
panied by  perceptible  eartli  movement)  was  12,  as  folio ws. 


/   40  BfiiL 


§00. 


Duration  of  the 


40.2 

Al 

41 

4fi 

5a 

52 
52 


62 
62 
63 
65 
69 
19 

aa 

95 
99 

m 
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Sensible  and 
Inaenaible  Eqkea. 

Ktmbar  of 

Mdtttk 

Sensible  Eijkes, 

I 

24 

12 

2 

10 

II 

31 

17 

5 

18 

ni 

24 

14 

0 

13 

IV 

26 

7 

1 

7 

V 

27 

8 

0 

5 

VI 

50 

15 

0 

14 

vn 

67 

31 

1 

17 

vin 

48 

11 

0 

9 

IX 

49 

15 

0 

14 

X 

57 

18 

0 

9 

XI 

85 

16 

0 

Id 

XII 

49 

17 

8 

12 

finm 

487 

171 

12 

141 

Thu 

s  the  number 

of  the  sensible 

eartliquakes, 

(including  the 

cases  of  mere  sounds),  was  183,  so  that  such  shocks  occurred  at 
TBukuba  on  the  average  once  nearly  every  two  days.  The  num- 
ber of  the  insensible  shakings  was  304. 

JRMAgiiaJte  •owntf*.     At  Tsukuba,  earthquake  sounds  are 

perceived  very  often,  which  may  be  likend  to  the  noi<?es  of  distant 
thunders  or  of  a  wagon  passing  over  a  wooden  bridge,  those  like 
the  rushing  of  winds  being  eozoparatively  rare.  The  monthly 
numbers  of  the  sensible  shocks  accompanied  by  sound,  including 
the  cases  of  sounds  without  sensible  motion,  are  given  in  the  last 
column  of  the  above  table.  From  the  latter  it  will  be  seen  that 
earthquake  sounds  occurred  in  111  cases,  or  in  77^  out  of  the 
183  sensible  sliocks.  It  is  possible  that  all  ol  the  latter,  or  neai'ly  so. 
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are  found  to  be  accoeapanied  by  mor**  or  less  sound,  when  very 
attentively  observed. 

There  were  27  cases,  in  which  the  direcUon  of  the  aouiid  was 
noted,  as  follows: — 

/Sound  heard  toward  the  South  17  cases. 

}  South- West   9 

(  South-East   1  „ 


Tlie  resultant,  or  mean,  direction  was  thus  South-West  by 
South.  That  the  sounds  were  perceived  as  coining  from  this 
quarter  may  be  due  to  the  fact  that  the  lower  part  of  the  southern 
slope  of  the  mountain,  where  the  town  of  TsukubA  is  situated,  is 
hoTse-shoG  shaped  and  opens  in  the  same  direction  to  the  low 
plane. 

In  a  majority  of  cases  the  sound  was  first  perceived,  followed 
immediately  or  a  few  seconds  later  by  the  tremblings  of  the 
ground,  as  in  the  following  examples. 

_  .  (Duriition  of  Prel.  trenior=10.4  sec. 

Eqke  of  May  26  \ 

^Soutid  heard  3  sec.  before  the  shock. 

^  .  (Duration  of  Prel,  tremor=18.4  sec, 

Eqke  of  June  12  j 

iSound  heard  5  sec.  before  the  shock. 

It  is  probable  that  the  commencement  of  the  sound  is 
generally  at  the  same  instant  as  that  of  the  preliminaiy  tremor, 
whose  earlier  part  may  often  be  insensible  while  the  sound  is 

perceptible.  This  explanation  can  not,  however,  bo  applied  to 
the  following  two  cases,  provided  the  report  of  the  observers  be 
accurate: — 

_       .       .  (Duration  of  Prel.  tremor=6.7  sec. 

Eqkeof  Apnl  6  u     ^,  ,       ,  ,      ,     ,  , 

Ibound  heard  5  or  G  sec.  .before  the  shock. 
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Eqke  of  June  11. 


iSound  heard  3  seo.  before  the  shook. 


In  eacli  of  these  two  shock.s,  which  were  main-ate  in  intensity, 
the  motion  at  the  commencement  of  the  preliminary  tremor  was 
quite  iBigfi  and  perfectly  sudden.  Hence  it  seems  impossible  that 
sound  shoald  be  heard  a  few  secotids  prior  to  the  arrival  of  the 
sensible  motion,  unless  the  vibrations  of  the  ground  giving  rise  to 
the  sound  phenomena  form  a  sort  of  an  ultra  preliminary  tremor 
and  are  so  extremely  minute  that  the  seismograph  used  c(juld  give 
no  visible  trace.  Such  a  supposition  may  not  be  entirely  wrong, 
since  there  are  cases  of  loud  sounds  hardly  accompanied  by  any 
movement.  * 

The  numbers  of  sensible  earthquakes  and  of  those  nccompanied  by 
sounds,  for  tiie  different  lengths  of  the  preliminary  tremor,  are 
given  in  the  following  table. 


DbvkUmi  «f  Pn>1. 
TranOfi 

Total  Number 
of  Sensible 

Gqkw  Mooupanlad 

Ratio : 

WC*  MO. 

(i)  0-6.0 

18 

18 

100  % 

(ii)  5.1—10.0 

77 

66 

86 

(iii)  10.1—15.0 

3S 

28 

80 

(iv)  15.1—00.0 

20 

16 

80 

(v)   a0.1— 250 

5 

4 

80 

(vi)  >25.1 

18 

10 

56 

Sam:  (i)  to  (v) 

155 

132 

85 

(*  Indodiog  Uie 


oCaMmMond.)  . 
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Thus  it  will  be  observed  that  th«  seusible  earthquakes  of  near 
origin  of  the  duration  of  tlie  preliminfiry  tremor  uader  5  sec.,  wore 
iavaii^l;>ly  poconip&nied  by  sound.  The  percentage  number  of  the 
more  distant  shocks  remained  practically  constant  for  the  duration 
of  the  preliminary  tremor  between  5  and  26  sec.,  varying  only  be- 
tween 86  and  S0%,  with  the  mean  yalue  of  85%.  Even  for  the 
earthquakes  of  the  duration  of  tlie  preliminary  tremor  over  25  sec, 
the  sound  was  by  no  means  uncommon,  the  frequency  amount-  . 
ing  to  66%, 

XH&Umi  eartktiumkem  ^M^e^mpmwUed  by  99umdm,  Among 
the  183  sensible  earthquakes,  there  were  ten,  which  were  accom- 
panied by  sounds,  and  the  duration  of  whose  prehminary  tremor 
was  longer  than  25  sec.,  as  follows. 


Dnto. 

Duration  of  Pr«l. 
Tremor. 

March 

21 

Slight. 

»tc. 

36.0 

nun. 

0.U20 

Jooe 

10 

Do. 

86.4 

0.042 

July 

7 

Mbdeiate. 

62.0 

0.173 

Do. 

9 

Do. 

29.3 

0.150 

August. 

25 

Slight. 

99.0 

0.097 

gt>ptember 

1 

1)0. 

40.0 

0.022 

Do.. 

79.0 

0.150 

October 

10 

Slight. 

39  0 

0.088 

November 

27 

Do. 

31.3 

0.037 

December 

23 

Modexaic. 

33.6 

0.160 

In  these  10  earthquakes,  the  duration  of  the  preliminary  tremor 

varied  between  29.3  und  UU.U  sec,  which  correspond  respectively 
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to  the  epiceiitral  distances  of  about  250  and  760  km ;  the  maximum 
(£W  component)  motion  in  the  principal  portion  varying  between 
0.020  and  0.173  mm.    It  is  probable  that  even  an  earthquake  at 

an  epicentral  distance  of  1,000  km  is  able,  when  of  a  sufficient 
intensity,  to  produce  sound  phenomena  at  Tsukuba  or  any  other 
district  composed  of  hard  rocks. 

Smrih^tMkem  mte^mi^tmied  bm  towd  wNMtf.  There  were  35 
cases  in  which  the  shock  was  accompanied  by  loud  sound.  The 
elements  of  motion  in  these  eartliquakes,  arranged  according  to 
the  length  of  the  duration  of  the  preliminary  tremor,  were  as  in 
the  following  t:il']«':  the  maximum  movements  in  the  preliminary 
tremor  and  the  principal  portion  being  denoted  by  2a'  and  2a 
respectively. 


Date. 

Duration  of 
Prel.  Tremor. 

Intoauty. 

Pret.  Tcewbr 

Max.  notion,  ia 
Pfinn.  PorfcCou. 

sec. 

mill. 

mm. 

Jan. 

0.0 

Unfelt 

(No.  tiKiti  lu 

Feb. 

7 

0.0 

Slight 

0.072 

Oct. 

4 

(bbort) 

T)o. 

Small 

i> 

18 

(Do.) 

Uufelt 

Do. 

»i 

»i 

(Do.) 

Unfelt 

Do. 

Aug. 

20 

'2.5 

Slight 

0.022 

Oct, 

3 

3.6 

Do. 

0.036 

Nov. 

19 

4.5 

Do. 

0.003 

0.044 

July 

12 

4.7 

Uolelt 

0.002 

0.004 

80 

4.9 

Slight 

0.036 

n 

27 

5.4 

Do. 

0.004 

0.021 

Jan. 

5 

5.6 

Do. 

0.004 

0.027 

Jnue 

a 

5.6 

Modezate 

0.066 

0.230 

4 


Digitized  by  Google 


34 


F.  Omori :  OfaaervatiMi  of  Looal  EMthqaakea 


Date. 

DumUoa  of 

lateniitj. 

Max.  Motion  in 
Prel.  Tremor 
=2a' 

Max.  Motion  ill 
Princ.  Portion 
-2a 

tutu. 

Oct 

() 

5.9 

Slight 

— 

0.007 

Jane 

7 

6.1 

Do. 

0.032 

0.190 

July 

26 

6.2 

Po. 

0.016 

0.073 

Ang. 

24 

6.3 

Moderate 

0.044 

0,770 

Apzil 

6 

6.7 

Do. 

0.093 

0.490 

July 

29 

6.9 

Slight 

— 

0.060 

June 

6 

7.0 

Moderate 

0.013 

0.106 

July 

27 

7.9 

Do. 

0039 

0.840 

Sept. 

18 

7.4 

Slight 

0UX>3 

0.017 

H 

20 

8.4 

Do. 

0.002 

0.038 

April 

13 

9.0 

Do. 

0.018 

0.064 

oept. 

9.0 

Do. 

0.017 

0.05(i 

July 

9.1 

Do. 

— 

0.049 

Oct. 

3 

9.1 

Do. 

0.014 

0.026 

>i 

10 

Moderate 

A  Ail  1 

yjAoV 

May 

9 

11.0 

Do. 

0.051 

0.204 

Nov. 

24 

12.8 

Slight 

0.041 

Sept. 

2 

13.1 

Moderate 

0.006 

0.094 

June 

26 

las 

Slight 

0.008 

0.039 

» 

7 

17.7 

Moderate 

0.027 

0.093 

May 

26 

19.4 

Do. 

0.043 

0.160 

Oct. 

10 

39.0 

Slight 

0.038 

Thus  it  will  be  seen  that  loud  t^ouuds  occurred  mu<i  fi  Lniuenily  in 
the  earthquakes,  whose  preliminary  tremor  lasted  lesa  than  about 
9  or  10  sec.,  corresponding  to  an  epioentral  distance  of  about  100 

km.  In  three  cases,  the  duration  of  the  preliminary  tremor  was 
much  longer,  being  from  17.7  to  39.0  sec.    Again,  of  the  35 
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earthquakes  tabulated  above,  10  were 'iiotUmfe,  21  woro  slight^  and 
the  remaioing  4  were  unfelt  shocks;  each  of  the  last  having  a  very 
ehoit  prelimiDaiy  tremor  or  apparently  none  whatever.  The 
maTcimum  motion  in  the  preliminary  tremor  (=s2a')  varied 

between  O.002  and  0.093  mm,  and  that  in  the  principal  portion 
(=2a)  between  0.004  and  0.770  iimi.*  It  is  thus  soen  that  the 
intensity  of  motion  is  not  a  necessary  factor  in  the  production  of 
the  sonnd  phenomena,  although  a  violent  earthquake  will  always 
he  accompanied  by  a  very  loud  sound. 

Xtaiio  o/  nuuoinnnn  flfli«##Mt  In  preUmlfliarif  frmnw 

that  itt  prineipni  portion.  Tlie  iiuixiniuni  movements  in  tlio 
preliminary  tremor  and  principal  portion  of  the  7  sharp  local 
shocks,  whose  diagrams  are  given  in  Pis.  I  and  II,  were  as 
follows. 


Duratioa  of 
Ftel.  Tremor. 

Max.  notion 

in  Prcl.  Tremor 
-2»'. 

Uftx.  Motion 

in  Princ.  Portion 
-2s. 

Bottos 

April 

6 

MCI. 

6.7 

mm. 

0.093 

mm. 

0.490 

5.3 

July 

27 

7.9 

0.039 

0.340 

8.7 

Juno 

11 

5.6 

0.066 

0.220 

3.3 

t* 

7 

6.1 

0.032 

0.190 

5.9 

ff 

27 

12.1 

0.028 

0.183 

6.5 

Sept. 

9.7 

0.250 

0.860 

3.4 

Oct. 

2 

10.0 

0.097 

0.580 

6.0 

MMn   

<«*       •»«  »*■ 

• . .  9.0 

Thus  the  motion  in  the  preliminary  tremor  increased  generally 


*  BxcepttegafaweMWin  wbl^th9nioUotti*MfiQIMManb1jaiaaa. 
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with  the  !^treiigtli  df  the  shaking  and  was  on  the  avernge  1/5.6  of 
tliJit  in  the  principal  portion.  Hence  it  is  hkely  that  a  violent 
destructive  shock  of  near  origin  begins  abruptly  witli  quite  large 
vibrations,  so  that  its  preiiminary  tremor  may  be  much  stronger 
than  the  principal  portion  of  an  ordinary  earthquake. 

In  the  following  table,  I  give  the  2a'  and  2a  in  the  19  earth- 
quakes of  moderate  intensity,  whose  dunition  of  the  prehminary 
tremor  was  nndor  2n  s(;c.  and  whose  absolutely  greatest  niotion 
(2a}  was  over  0.1  mni  ',  the  shocks  being  arranged  according  to  the 
magnitude  of  the  latter  element  of  motion. 


Date. 

DnnUoa  of 
Fl«1.  TeBiBor. 

in  Prel.  Tretnor 
-Sa'. 

Mat.  ■^^^ti.-n 
■VL  FriDC,  Portion 

Katio: 

Bf  C. 

mm. 

mm. 

Aug. 

24 

C.3 

0  044 

0.780 

17.7 

Oct 

10 

9.2 

0.061 

0.430 

7.0 

I* 

14 

6.7 

0.044 

0.240 

5.5 

Jtm. 

2G 

11.0 

0.028 

0.220 

7.9 

Sept. 

24 

7.8 

0.031 

0.210 

6.8 

May 

9 

11.0 

0.051 

0.204 

4.0 

Jane 

18 

18.2 

0.023 

0.190 

as 

Nov. 

2 

12.9 

0.073 

0.190 

2.6 

June 

12 

18.4 

0.054 

0.190 

3.5 

**•  «•* 

...  7.0 

Feb. 

17 

1  l.l 

0.027 

0.180 

6.7 

March 

4 

y.o 

0.022 

0.170 

7.7 

May 

26 

19.4 

0.043 

0.160 

3.7 

April 

24 

9.0 

0.017 

0.153 

9.0 
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Date. 

Duration  of 
Prd.  Tvamor. 

ISIax.  ^Fotion 
in  Prel.  Trwinor 

Max.  Motion 
in  Princ.  Portion 
-2a 

Batio:    _  , 
Sa 

Sepfe. 

3 

•ee. 
10.6 

mm. 

0.012 

min. 

0.150 

12.5 

Feb. 

7 

17.0 

0.036 

0.120 

3.3 

Jnly 

19 

9S 

0.022 

0.120 

5.4 

Oct. 

19 

9.8 

o.oi;o 

0.120 

2.0 

Jnly 

23 

19.0 

0.031 

0.107 

3.i 

Jane 

6 

7.0 

0.013 

0.106 

ai 

SfisCHt     ...     ...     ...     ...  •.. 


Dividing  the  19  earthquakes  tabulated  above  into  two  groups,  of 
2a>0. 11*  imn  and  of  2a<0.18  iiini,  the  uvcnigo  values  of  the  ratio 
2a/2a'  come  out  to  be  7.0  and  G.2  respectivolj-;  the  variation  of 
this  ratio  with  the  2a  being  apparently  not  significant.  The  mean 
value  of  this  ratio  deduced  from  the  preceding  tables  is  6.3. 

Finally,  confining  our  attention  to  tho.so  sensihie  onrthquakes, 
which  were  not  accompanied  l>.v  pound,  the  mean  value  of  the 
ratio  of  2a/2a'  is  found  to  be  5.7.  This  is  not  materially  dififerent 
from  the  mean  value,  namely,  7.0,  of  the  corresponding  quantity 
for  those  shocks  accompanied  by  loud  sound  (page  35). 

Lteast  limit  of  ncunibie  tnotion.  In  the  sensible  earth- 
quakes, unaccompanied  by  sound,  the  maximum  motion  2a  was 
usually  greater  than  0.013  mm,  there  being  only  three  cases  in 
which  it  was  less  than  this  limit.  With  the  earthquakes  accom- 
panied by  sound,  however,  the  limit  of  sensible  motion  was  still 
lower,  due  probably  to  tlie  predomiuaiico  of  quick  vibrations  in 
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these  shocks;  there  heinj?  14  cnses  in  whicli  the  maximum  motion 
2a  was  less  than  O.Ul  mm,  as  follows;  — 


2a 
2a 
2a 
2a 
2a 
2a 
2a 


0.010 

0.009 
0.008 
0.007 
0.006 
0.004 
0.003 


I  •       •  •  I 


»       *  •  * 


p  •  «       «  «  • 


NanibAr  of  Bqkeai 

^  •  •  *  *  •  S 


2 
5 


«  «       »  •  • 


1 
I 


Making  an  allowance  for  the  possible  error  iu  the  measurement  of 

very  small  moveiDunUH,  and  provisionally  exclu'liiig  the  last  three 
cases,  we  may  take  the  double  amplitude  of  0.007  mm  as  the 
limit  of  sensible  vibration,  the  £W  component  motion  alone 
being  taken  into  account  Assuming  the  corresponding  NS 
component  to  be  of  an  equal  lange,  the  resultant  double  amplitude 
of  the  sensible  motion  would  be  about  0.01  mm.  This  latter 
value  is  to  be  regarded  as  the  lowest  lijuit  of  the  earthquake 
motion  whicli  is  intense  enough  to  be  felt  without  instrumental 
aid  by  people  living  in  wooden  houses  at  a  quiet  rooky  district, 
where  the  earth  vibrations  are  rapid. 

The  result  here  obtained  is  in  accordance  with  that  relating  to 
the  small  vibrations  of  the  ground  caused  artificially  by  an  oil 
engine,  etc.  (See  my  paper,  A  Hoi  izotal  'J'remor  Recorder,  in  the 
Puhliratlnus^  No.  18).  For  Tokyo,  the  intensity  of  the  lowest 
limit  of  the  sensible  motion  was  found  to  be  an  acceleration  of 
17  mm  per  sec.  per  sec.  This  is  to  be  regarded  as  defining  the 
feeblest  earthquake  motion  sensible  to  people  living  in  a  Iai*ge 
city  or  som^  other  place  whcrg  there  is  inuch  distujbai^ces  arising 
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from  traffic,  the  working  of  steam  enginds,  dynamos,  etc*  (See 
the  PtiMicatiorUf  No.  11.) 

Amel«t«<Mi.    One  of  the  principal  objects  in  making  the 

seisiiHiiz;rapliic  obfjeivations  at  Ttiukuf^a  was  the  comparison  of  tlie 
results  there  obtained  with  those  simultaneously  obtained  in  Tokyo 
and  Mito,  to  determine  thereby  the  accurate  positions  of  the 
origins  of  the  different  local  shocks,  and  also  the  relation  between 
the  epicentral  distance  and  the  duration  of  the  preliminary  tremor 
for  near  earthquakes.  Further  discussions  on  the  Tsukuba 
observations  in  thusu  connections  are  reserved  for  a  future 
occasion.  Tlie  instrumental  study  of  the  minute  vibrations  giving 
rise  to  sound  phenomena  is  of  course  very  important. 


Tokyo,  March  1908. 
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PUfiUCATlOliS  OF  THE  EABTHQUAKE  iKTESTIOmOX 

comamsR.  ko.  S2.  section  b.  abt  l 


StFBuis  inioduced  by  SurilMse  Loading  over 
a  Oircalar  Area  with  Applications 
to  Seismology. 

By 

H.  HAGAOKA,  nhjokuUihuilti, 
Memhev  ofUt^  Bartlujutike  Invest igation  €Kmmtttee, 


With  Plates  I-III. 


§  1.  The  pioblem  dealing  with  the  atrainft  of  au  iBotiopic  elaslie 
aaUid,  bounded  on  one  aide  by  an  infinite  plane,  waa  treated  Bona* 
smesq  and  Centttt.  The  former  hns  published  a  series  of  researclies 
on  the  allied  subject  in  his  treatise  "Applications  du  Potenticl,  "  in 
which  full  infomiatii'U  of  tlie  problem  in  iis  varied  »Bi>ec(s  is  to  in^ 
obtained.  A  separate  chaptfv  is  devoted  to  judIiUmiis  tit  aliug  with  the 
straius  produced  b}'  a  verti<  fil  ]nossnre  npplied  over  a  circular  area 
<»u  tlie  InnindiDg  horizontal  plane,  Imt  unfortunately  only  a  few  par- 
ticular cases  of  strains  are  worked  out,  Thuee  who  ai-e  interested  in 
seiimiology  may  find  it  serviceable  to  have  an  approximate  solution  of 
the  problem  concerning  the  strain  of  the  earth's  cru8t>  when  iheze  is 
fmi-face  loading,  wluch  nia3'  be  likened  io  Htinoepherio  preseoie  or  to 
weight  of  xaiufall  exerted  orer  a  oixcnUr  portion  ol  tlie  snrfaoe»  in 
order  to  dednoa  the  atrnina  arising  tlieiefix>m  and  tlii»  obtain  in  aome 
naeeenre  indieationa  of  tbe  anrfaoe  defomnationa  dne  to  the  said  nataral 
agenciea.  Wi<Ji  tliv  object  in  view,  intereatii^  applicatitma  to  aefe- 
mdogy  have  already  been  made  by  Chree  ;*  be  diacmaed  the  iniltience 
of  enriaoe  loading  over  a  leotangnlaT  area  and  oalcolated  tbe  doTintions 

•  €ht**.  VhiL  JLig.  43,  1711,  I'^M. 
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of  tlie  vertical  ami  the  tiltiag  jiiiKiug  from  it.  A  fm-thor  extension  *>i 
the  problem  to  surface  loiuliug  over  a  circular  area  is  cle55iraMe, 
becatoao  the  region  oi  low  or  liigh  preasore,  ns  it  is  actually  observed 
on  tUe  eaiilTs  snrfooe,  moro  remmbles  a  «  ircle  Umi  i  rectangle. 
Mai-Qover  tlie  loading  ia  never  nniform,  ao  tlmt  the  inTestigation  of  the 
prohlem  or  lieterogeneona  loodiug  is  not  witliont  inlereat  If  tlie 
Mlntion  Uxf  nn  impeifeet  elaetio  solid,  and  for  aolide  dishibnted  in 
diffexeut  atiata  vera  possible,  the  appiostmation  to  the  nomal  problem 
as  regards  seismology  woald  be  of  great  Tatue.  The  matiiematicat 
diffiently  is  IiowsTor  almost  inaunnonntable,  so  tiiat  we  are  at  present 
comp(}Ilfid  to  relinqntsli  tiie  attempt  and  satisfy  oaxaelvee  with  the 
solntiou  for  isotropic  bodies. 

Seismologists  are  familiar  with  tlie  tremors  associated  with  the 
clmuge  in  the  conditions  of  the  atniosphete,  sometimes  in  places  quite 
outside  the  domain  of  low  or  high  pmssure.  'The  qnestiou  natiirally 
arises  liow  far  frf)ui  tlin  place  of  surface  loading  tJie  strain  is  !i\y- 
pretiablo,  and  how  it  depends  on  the  extent  <if  tli<^  stiv'sscj  siuface. 
Uiifoituiiatoly  tht^  Rtaticnl  effect  is  generally  dtlVicult  tt)  observe,  but 
tlio  exisbjiici^  of  tlio  trnnors  itself  iudicjites  tlmt  llie  xtrniu  caused  by 
tiio  loading  gives  rise  to  elastic  disturbances,  cjilling  forth  free  vibra- 
tifjiis,  which  are  presumably  determined  by  the  cx>ntonr  and  geologic- 
al iitractare  of  the  region  surrounding  the  place  of  ol>scrvatiou.  The 
surface  wave  thus  called  forth  by  distant  surface  loading  is  rather 
difficoit  of  treatment,  but  we  may  obtain  a  crude  idea  from  the 
caloaUtion  of  the  statical  effect  how  far  the  influence  of  the  stress  is 
to  be  traced. 

§  3.  Taking  xy-ooanediaaiA  plane  as  lionzontal  and  t-axis  vertic- 
ally downwards,  the  components  of  elastic  displacements  f<,  t^,  w  at 
point  xyt  in  an  isotropic  elaetic  medium  «etending  in  pomtive  diree- 
tioo  of  z  axis,  are  given  by 
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(1) 


V—  — 


w 


 I  ^  f^p,    2/.+ 3/1 


where  I,  ii  are  Lanw  s  constants,  imd  the  iulegiatiun  with  i-es]>^ct  to 
pressure  P  at  point  x',  y',  o,  esteocU  ovev  the  stressed  ttren.  Tlie 
mdios  vector  r  in  given  by 

r^=(»-«')»+(y-y')*+a^ 

a>^_j_  ^ 

tlie  yerticftl  displacement  on  the  horizoiital  plane  is  given  hy 

ttud  the  liorizfiiital  displacement  for  loadiiig  over  a  circle  amounts  to 

-3-4—.  f-  (8) 

-where  c^'ssaF-j-y',  the  oentve     the  eirde  being  taken  for  the  eomd- 

uiito  origin. 

§  3.    For  tho  calciiliition  cf  thi«  .strain  due  tu  istieiiii  over  h  cir- 
uiur  ar.  ji,  we  shall  Lave  to  use  the  foUowiug  notations. 
/i  :   radius  of  the  circle. 

a :    distaiiv(.-  of  t)ie  centre  of  the  circle  from  the  point   Q  under 

consideration  (x,  y,  o). 
/' :   distance  ol  surface  point  (/       y'  o)  from  the  centre  of  the 

cirde. 

r :   radios  vector  from  the  point  ou  tlie  aurfaoe  at  which  the 

strain  is  sought. 
9'.   anple  between  r  and  a. 

f.  angle  subtended      o  at  the  point  Q'  (s',  y',  o). 
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if' :  angle  subtended  by  r  At  the  centre. 

TJie  MCompauyiag  figura  will  show  these  quaatities  at  a  glance. 


§  4.  UnUbm  Presetire  over  a  Circular  Area. 

We  have  to  consider  the  p*e!<eut  problem  in  two  aspects;  (1) 
when  the  point  Q  nuder  ooostderatiou  is  ontnde  the  stressed  circle,  (2| 
wlien  the  the  pdnt  is  inside  the  circle. 

Let  the  prassnre  per  unit  area  be  denoted  by  then 
dp -p  pdp  d^f,  and  since 

r' = a- + p' — 2ap  coa  ^, 
^  *  -kxiX+flUr  da  2nH+ft}J  J  a»+^-2<v»oo8j^ 


0  l» 


TJie  integral 


/'  (rt  — « cos  c'')(V'    _7r      p'  —  n'r'  d<p 


ap  COS  ^ 


S3—  for  o>/> 


Thus  when  the  poiut  Q  lies  inside  the  cirde,  we  liave  to  divide  the 

integral  into  two  parts 


0  »  « 

of  whidi  tlie  last  part  vanisljes. 
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Cousequentlj  we  obtaiu 


<5) 


U—  — — T"  external  poiut 


For  positive  pressure,  the  displai-omeut  ttiuds  towards  the  ceutre  oi  the 
circle,  and  for  uegativo  pressure  from  it.  For  siu  oxteriial  poiut,  tlie 
borixoutal  (lisplucement  is  directly  proportional  to  the  compressed 
arati»  aud  inversely  proportional  to  the  distance  from  the  oenire;  ior 
an  intflmal  poiiifc,  ii  is  simply  pvopcartioual  to  tlie  diataaoe,  so  that 
the  liodmittal  opmponaiit  Is  masimam  at  the  perlpliexy  of  the  cirola 
of  pxesBQie.  Fi^.  1.  tthows  the  graph  of  tbo  displaoemeni 
The  vertical  displtioeiiient  is  given  by  (2)  in  the  form 

But   p-  =  «•  +  r-  —  2a*-  cos  ^   aud    siu   = siu  ^,  couseqnentiy 

ar^^-p^  


p  COfiC'  - 


if 2/1       "    aj  J      /  ,  ^ 

At  au  iiitemsl  point,  we  have  to  diviJe  ilie  oirde  iuto  two  oon- 
•oentrle  civeles,  such  that  the  point  Q  lies  on  the  periphery  of  the  in- 
ternal circle.  The  displacement  consists  of  two  parts  toa  and  Wa\ 
of  which 
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Wo 


-     D      ^  /  1  -  ^^Slll  Y 


ftud  t6b=iri/  +  <«v''   for  an  inlemal  pnhit 
To  evaluate  (7),  let  iw  put  —  =  tlieu 


wlieit>  K  sbinds  for  n  complete  elUpti0  integral  of  the  firot  kind.  Us* 
ing  the  weUknovn  (ormala 

0 

wliere  E  m  «a  eUiptie  integral  of  tlie  Becomd  kind  and  • 


Thus 


{8j  itfi,=~'^^^/ ja|£i(it)-ifc«m*)>  f<w  »n  external  point 
On  tlifi  peripheiy  ^al,  and  J5(l)sl;  tltud, 


At  ail  iuterual  point 


and 
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It  A 


Tbns 


<8.)  jr,=  uhRjByk)  for  i?>a. 

Tlie  two  espreaaioiis  (8|  and  (8a)  ooiacide  when  B^a.  Tlie  veitical 
displaoeinent  is  greatest  at  the  oentre  of  the  oirde  of  pressnrei  «id 
gradually  deoKteaaea  iowaida  tlie  periphexy,  bat  after  paBstog  oat  of 
ilie  straflBed  aieai  tlie  rate  of  diminatioa  beeomea  extzemelj  slow  and 
oltimately  va&iahea  in  au  asymptotic  manner.  Fig.  2  sliowa  the 
amonnt  of  depression  diagcammatically.  These  figures  will  bette- 
illustrate  the  goneml  fentnres  of  tlie  horizontal  and  vorticAl  displaeer 
inents  at  a  glaucti  that  u  more  iiinpectiou  ol'  the  mathetnaticnl  {nrniulaH 
will  show. 

It  mny  rot  be  siipcrtluous  to  <^iv<.'  uxpressious  for  nx  tenuti  of 
Weierstrass's  uotati«)us.    Au  ea^y  calculation  sliows  that 

a\,=  — /  ■f\>a    .  where  ic— 

tt?o=  — 77T — /',.  /A  '/  — ^  )  where  k=jr- 

For  the  purpines  of  nunieriGal  eiilciilatioii,  it  is  cuoTenleiit  to  have 
these  expTessioiiB  tTanf8i)nned  into  ^fanotions,  in  cndftr  that  we  may 

employ  ^-series  witli  advantage. 
Evidently 

|^^~y/¥''>a(o}'>''5Co}    fur  a^R 

•and 
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botL  of  wLifiL  are  enstly  expi«8sed  m  tenna  of  q. 


§  6.   PiCMnre  over  a  GirenluT  Aren  ^veu  by 
In  tlie  pieBemt  cnee  we  liATe  to  calculate 

0  u 

4 

for  findiug  tlie  vertical  displacement  nt  im  external  poiut. 
For  t]ie  .Make  of  brevity,  let  us  put 


«■ — o,    mi'  4>—^t  p'^xi 


4/ 
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Puttiiig  r=«+^j:,  we  ubtaiu 


w]iic]i  is  eaj^ily  iutt-gniMo. 

Let  us  couaider  two  pjuitcular  casett. 


—^  -  =  u,  we  liftve 


J  =  dRtf,   sin  f 


wLence  for 


0 

vre  get 

J    «»*»  \  d  /         d  J  »iuY 

J    eu'u\   li  6  /        h)J  8iuV 

The  integi'aucte  cnu  lie  easily  rednoed  to  the  f«lIoiriiig  fonna. 

1  /r/wVt      ,  ,  \     /.'      1     Jr  -2 

-  — (  —r.  a/r  « )  "  -rr  +  -j  ^ —  uirr 

1  /cU->,     2  ,  ,      ,  .  \    , .     16  4    F  8 
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«»«  c*»ifciiiii=(S»— 3)f«n    tcf^if— 2){l+il^)J«n  «d« 

+  (2it-l)i-N«u  udu 

_____  +i^f«i»*ud« 

u  mu  J 

tdu        cnudnn    2  ,    ,„  /,.  T       .     aiwcZin*\  ifc'K 

I— r-~- ■¥~^~+-5-(l+^")l^*'  /««  w<i«  ) — TT 

Jsn*u         3«n't(      3^       '\  J  mu  /  3 

liemeiiiberiiig  that  at  the  limits 

c?»lO)=l    *  <fe(JE)=ife' 

i?(0)=0  Zif)-© 

we  get 

li  '  U 

After  all  tlie  iiece»aarj  rednctbuH,  we  find  tUat  at  points  6x> 
leniAl  to  the  circle,  (lie  vertical  displaoeinent  of  the  hmiasimtal  plane 
amomits  to 

when  the  pi^HHure  tliHtributiou  is  given  by 

In  iha  fnteii<n-  u!  tlie  ch-cle,  we  Iiftre  to  oalcnliite 


■  0 
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0 

=  

where   *^""=^.   ^" -  — jy;- 


Add  to  tills 


5a' 


J  J    vo»— i>*8in'^  9 

0  0 


Couueqaeutly, 

(lOJ      ♦'^«=9^^X^^^^;2{l  +  A/',^-.jfe"JSr»}  whew  i=|- 

luid  M^a. 

Uixm  at  Uie  centre  of  the  cirde,  the  depraasion  amoauts  to 


II lid  nt  the  buuuUiuy 


Ah  J»gi»ds  tbe  ha«issontal  displaceineut,  we  liave  for  tJie  lav 

p  B 

(11)  U^  —  -^~ — \        for  an  exiemul  ix)lut 

and 

(11^)       ^~~  'taf/^^  ^  "  "  1**"*' 

Tlte  foiTOolas  (11)  show  that  the  horizontal  dfapbeainent  for 
the  preaftaro  diBtribntinn  p-sspJiS^ - p')  in  aomeirhat  similar  to  that 
alreadj  fbond  for  nnifoiTu  pveflsnie.    The  difibvenee  arises  in  the 

ueighbonrhood  of  the  i>pi-ipliei  v  y  —  Ii,  where  the  ntaximtim  displaoe- 

neut  is  to  be  foiuul.  Fig.  3  gives  llie  fliaginiu  of  the  horizontal 
displacement.    As  to  tlie  vertical  displacement,  aud  the  complicated 
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fuuctiuiiH  h\  wliich  it  is  expj-essed  is  ratliei  ilifHcult  Ui  judge,  but 
rnnstnictiiiji  a  dij»<^'i!iin  (Fig.  4),  we  easily  find  llutt  tlie  depi-pRsion  is 
quite  largo  at  tlio  coiiti-e,  aiul  tlie  tiltiui?  is?  generally  nuua  uniform 
than  for  consUiut  distribution  of  preHsurc.  At  distant  \xiints  the 
iisyiuptotic  approach  to  tJie  hnriisout&l  plane  i»  evident  from  the 
fignieB. 


§  G.  Finally,  let  us  find  the  depression  in  the  vertical  Hue 
thi'ougli  tiia  centre.    Evidently  the  tjiukiu^  iu  doptli  z  is  ^ivcu  by 

whem  r^=/^+^t  x  and  ij  being  put  equal  to  zero.  For  uuiffim 
pyesi»i]ie 

P,{X        r^-  f'^  p  dp  dd    ,       f  r"  P  ''p '''' 


J  k 


43r//(x+/«)J  Ji/  s'-tp' 


Putting 


(12) 


=  /</«,  we  get 
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wlien  the  prassare  distribatiou  in  given  by  p=p^{R' —p  ) 


0  • 


(R'-p')pdpd') 


■in/ij  J 

0  0 


I 


wlucli  by  easy  iategrati<Mi  becomes 

pji 


(13) 


I. 


(A-|-2/«)(l-ao:>«Y) 


2 


Tlie.se  two  t'crmulus  uud  (loj  slmw  that,  llie  vcrlical  tli;pios,-,i( in  iu 

the  centiiil  liiio  of  the  stifwsed  ciii-le  dimiuishcs  giiiJuallj,  s>)  tlirit 
\vc  may  expoct  tbe  offecl  t  >  1>8  felt  Jit  a  i  nnsiJurablo  deptli,  piovuteil 
the  ratlins  (»f  tlie  vrj^iou  of  in-essum  is  largo.  In  tlio  uj^plicatittu  to 
teclmicol  pmblcuis,  //  may  ha  ;i  sinall  qaajitity,  but  in  geopIivKical 
qoeatioDs  as  regards  I  Ik  -  rogloii  of  low  pressnro  or  of  heavy  rainfall, 
tlie  rtsult  above  amved  ut  wiU  bd  of  s[)ecial  inti  iv->t.  Fig.'8  5  aud 
0  oltow  bow  tiie  depitewiiou  dimiiiisbeH  with  tlte  d«i|)(b. 


FJq.  b. 

X     OJS      IJO      JJ     9.0  2JS 


3J> 


4.0 


1? 

 \  ^  

1 

Fig. 

e. 

Z  fl 

\- ' 

-A 

0  X 

TT 

0 



1 

r- 

- 

' " 

t 
1 
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<>  7.  For  tin'  distributious  of  stress  above  eoiisideieil,  I  Jmve 
constructed  tlie  contour  b'lies  of  eqiml  depressions  as  slmwu  iu  Fig.'s 
7  and  8  PI.  I.  From  tliese  diflgnnns,  it  is  cvideut  tluit  tlie  gradieut  of 
depression  is  greater  near  ilie  ineriphery  uf  tlie  area  of  piessare.  It  is 
less  marked  fur  tlie  cam  \u  which  tho  preasare  reaches  n  inasimam 
vnltie  at  the  centre  tlum  for  a  nuiiorm  dietributinii. 

When  tlie  depresraou  doe  to  pieeeiiree  oT«;r  tvo  cirealar  ureas  ie 
to  be  fonndt  ve  liaye  to  apply  the  prinoiple  of  tLe  enperpositiou  of 
small  displaoetuents.  Tlie  effect  can  be  most  easily  effected  by  nraig 
tlie  same  metbnd  of  proeednra  as  finding  tlie  equipotential  lines  by 
adding  systems  of  sudi  lines  dne  to  distinct  soaroes.  The  depressions 
due  to  two  positive  or  negativo  preesnres  over  civoular  areas  are  repre- 
sented in  Fig,  9  and  10  n,  6,  c,  PL  II.  I'liese  dtngmms  resemble  tho 
eqnipotential  lines  due  to  two  attracting  or  n^iielling  sonroes.  When 
nngative  pressure  is  exerted  over  one  jxjrtiou  and  positive  piossnre 
over  lliB  other,  the  lines  of  equal  deprcssiou  take  the  form  given  iu 
Fig.  11  o,  b.  PI.  III. 

§  8.  For  t}s<i>f'  iuttircsted  iu  seisniology,  it  wnnld  not  ]m  out  of 
place  to  state  ouo  or  two  instances  of  the  nuiount  nf  depression  due 
to  surface  lojiding.  Sup|X)sing  tlit^  elastic  uiediuni  to  consist  of  an- 
desite,  wo  liave  to  use  the  following  elastic  constants.* 

/<=6xl0"  (C.  G.  S.) 

''^^xtfi'^  =Youug s  modulus --8.80x10'"  (C.  CJ.  8.) 

When  the  pressure  is  uniform  and  pi^=slcm.  weiglit  of  mercury  per 
cm",  and  It =S0  km,,  the  depression  at  the  periphery 

to  =3.15  cin. 

aud  at  the  centre 

fr„=1.80cnj. 

so  tliat  tli€  ineau  tiltiug  amounts  to  al)out  0".()2. 

For  li=-l^Ii'~l^U        ^>u/f'  =  lcw.  weight  of  mercury 

•  H.  XacDOhs.  Fiib.  Eattiiq.  Inv.  Comn.,  Kow  4,  is  m. 
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tfft—O.G^em.  lit  tlie  peripLery 
jru=1.23cni.  „  „  centre 
nud  tlio  iiiGiin  tilting  is  a.\x>\d  0."02  as  before,  llie  elti&tic  coustauts 
of  the  surfivce  soil  are  evidently  several  times  weaker  than  tlie  an* 
deaite,  so  that  the  barometrlo  cLaiigi»  or  lainfali  'night  prodnoe 
effects  which  would  be  within  the  limit  of  obaervatiou.  With  ehistie 
solid  of  high  plasticity,  aud  witli  continiioas  applicatioa  of  pveesuxe, 
tliere  will  be  gradual  iuci-easa  of  the  strain,  so  tliat  the  eflbet  may 
sometimes  uccamalate  aud  at  lost  attain  an  appredable  amoaut. 

What  wiU  interest  the  aeiamdogist  in  tlie  present  problem  U  the 
extent  to  which  tlie  atraia  due  to  Terticdl  prossmre  is  appreciable. 
If  tlie  area  of  presRitra  be  confined  to  a  small  portion  of  the  sarfiicd» 
the  hnrusmtal  and  tlio  vertical  compouents  will  practically  vanish  in 
its  immediate  ueiglibourhotxl,  but  the  Rtrnined  area  incrcjises  almost 
ill  the  same  proportion  .as  tlie  stressed  region,  so  that  iu  the  actual 
piohiotn  r.f  tho  Larouietric  cliaugo  or  of  lieavy  raiut'all,  tjie  effect 
Wf.nld  ;i]sn  \)n  f^U  ill  place.s  apiKLii'iitly  remoto  from  the  place  Huhj'  i-tOil 
t<i  ililV<-ri:'nc«'s  of  surface  itressmif.  Tlu;  ovanescouci  (.if  tlie  strain  taku-i 
place  ahuiwt  asymptotically  as  ali^ady  bIiowu  in  thu  diagram,  so  that 
it  will  slightly  disturh  tim  elastic  equilibrium  and  caM  forth  vibra- 
tions or  tremors.  The  surface  wave  which  is  most  likely  to  bo  excited 
on  the  horizontal  boimdary  aud  whic'i  is  easily  accessible  to  obson-a- 
tiou  forms  the  next  sabject  of  disonasion.  Another  problem,  which 
will  be  intamting  for  seismology  and  volcanology  is  the  strain  on 
the  horizcmtal  Snrlaoe,  pit)dnoed  by  internal  pressnre,  a  subject  winch 
I  hope  io  be  able  to  discuss  in  tlie  near  fntnre. 
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Wtmam  dtaoibatta.     (Fig.  IQiJ 


Deplete  dM  to  ivanlriBid  dtatribotfoa  o< 

(Fig.  lOi) 


EIsTMtioo  dM  to  DagMMtat  duo  to 

(Fig.  104 
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(Fig.  IW 


(Fig.  lib) 


dM  to  vnqnuiMtaiaBl  dlililliution  of  pmniN. 
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Stationary  Surface  Tremors 

B.V 

H.  NAQAO£A«  liifiakuhakmld. 
3lember  9fthe  EarOiquitfie  litreNt<0v«Mo»  iTommittee 

With  Plates  I.  ~~ 

f  1.  The  pn>bletn  of  elsstic  sttrfiioe  wares  on  an  isotropic  solid  wns 
fii-st  treated  by  Loi"d  RayleigU*  in  a  pajjev  coiminuiicated  t<>  tlie  Luuduu 
Matlieijiutical  Society  in  1885.  'J  lie  important  beaiing  of  this  class 
of  waves  ou  eai-thqixakcs  was  lectignised  by  him.  but  tlio  result  of 
analysis  in  its  ])iaetical  as|>c'ct  has  scarcely  l»eeu  discunsetl,  inasiuuch 
as  the  JiypotJiesis  nf  isutropy  of  the  medium  is  baixlly  compatible 
with  tlio  stnicture  of  tlie  earth's  crnst.  When  the  gi-eat  complexity 
which  will  be  iutroducod  into  the  botitidai  >  conditioDs  if  the  strati* 
gniphical  straciura  such  as  is  actually  met  with  is  taken  into  account, 
ilie  advantage  gained  does  not  easily  compensate  for  the  mathematical 
difficultjr  which  neoet«arily  accnies  in  the  snlation  of  the  problem. 
Bat  if  the  re«ilt  of  oalcalation  based  on  a  simple  ftbstiaotioa  as  to 
ilie  uatnre  tit  the  medium  be  interpieted  in  the  light  of  a  simple 
oommeut  as  to  tlie  eharaoter  of  tlie  moti<ni  ivhloh  is  capable  of  being 
eseited  on  the  snrfaoe  of  the  elastic  solid,  the  analysis  would  not  be 
a  nseless  piece  of  mathematical  plaj',  as  the  oanceptiun  of  the  phe- 
nomena is  theieby  greatly  faoilitated.  A  mere  quautitntive  dlisciepaucy 
win  not  piore  imperfectifm  <^  the  theory,  but  tmenotLoas  at  a  glance 
that  the  hypotliesUi  made  at  the  ontaet  of  calculatiou  necessarily  de- 
viates from  what  is  foond  in  nature,  whei-e  the  intricacy  and  hetemg^- 
ueity  far  surpass  the  p)\ver  f»l  modem  analysis.    The  gi-eatest  objec- 

*  liOtd  itayleigli,  i^tjc.  Loaduu  Mntbem.  iauc.,  Vol  17,  4.  lv7, 
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tiou  which  can  ]>erhaps  bo  mined  af^aiiixt  the  pi«8eut  treatmeut  of 
tlie  pmbloin  is  the  neglect  of  the  iudueuce  of  gravity  in  modifjing 
the  snrface  wave. 

§  2.    Tnke  the  x(/-phiiio  at  the  liorizoutnl  buaudary,  aud  z-asis 
vertically  downwards,  aud  denote  the  compcMient  displacements  bj 
V,  w\  then  tJie  eqnationB  of  motioa  becoicea* 


=  (;,  4-  /i)-^-  -f- 


with  similar  equations  for  v  and        Here  p  denotes  tlie  density, 
ft  Lame's  constants,  and 

3u  9i7  Bw 

ax  otj  dz 

2t 

For  the  free  vibration  of  period  ,  the  equations  can  be  easily  re- 

daoed  to  the  form 


(2) 


where 


(3) 


The  equations  can  therefore  be  satisfied  by 


1  ^ 
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to  wLicL  we  fthall  ]iav«  to  add  the  oomplementary  solniune  satiafying 
(5)  (JfF)«=0,   (J+/-'t;-0,  (J+l-')w=0. 

with  tlie  coudition 

du  dv  dtc 
ox     dy  az 

For  tlie  stirface  wave  on  the  plane  x=U,  the  displacements  are 
pnvportiou&l  to 

where  J\  g  ate  ounstouts  to  be  determmed  by  the  bouudaiy  con- 
ditione. 

By  differentmtlug  (4)  with  respect  to  av  y*  <«  ^  find 

(6>  (J  +  /i-)6'=0. 

or 

(6')  ^-r/«+p»-A«tf)«o. 

Thus  ti=Fe-"     where  **=/»+ jr'-A^ 

The  equation  (5)  can  be  written 

or  «  =  Je~"     wliere  if'=/'  -^-y'—k  ' 

Tlios  (4)  and  (5j  give  for  ti,  o,  tp 


(8) 


A' 


A* 


where  P,  ^  i?,  (7  axe  all  pvoportiouftl  to  «K>h+«i^>  and  ^  i9,  (7  are 
connected  by  tlie  relation 

wliich  is  equivalent  to  U=0.  in  the  oomplementorj  term. 
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The  abtieuce  of  nhfiar  at  the  liorizaintal  bonndary  «=()  toads  to 

tlio  relntiou  • 

(9)  +/-  +  2r(/'  ^<f)P  =  Q, 

wliilo  the  evauenceuce  of  tlio  iioinial  surface  tnvctiou  is  nxpiessad  bv 

(10)  (**-:;/i*>P-2(r*+ «A*0)  ==0. 
Eliuiiujitiiipc      niid      between  (9)  aud  (10),  we  ubtiiiii 

an  {2(/'^+i/^)-ik'r=.i6r/»+flfW+jf-/0(/H!7^-A'^; 

I(etnemberii!g  tliat 

 // 

we  arrive  at  Uie  equation 

(12)  ^»8r'+W- 1<5  -  1) 

for  finding  tlie  frequency  p  of  ilie  free  vibration,  as  given  by  Itayleigti. 
The  following  real  roots  of  y  have  been  calenhttMl  fiir  different 

values  of  — (with  oorrospoudiug  ratio  e  of  lateral  couti'siction  to 

longitudinal  elougaliou). 


A*  ft 


A 
.2 
.3 


1. 
2 

A 

K 


U.II4S2 
O.U251 
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1 

.4 

a9or>2 

.5 

08741 

,6 

I 

0.8-237 

~  4  , 

y  being  dotenumod  lor  a  givdu  iKjuudjay^  the  displacenicuU  v»  w 
are  giyeii  by 


«  being  h  ccniHtiuit  ti  lie  fonml  from  the  initial  omditiou. 

Wlieu  there  are  eeveral  values  o!  t<„  v,,  for  it,  w  coi- 
respondiu^  to  different  vnlues  of  /  and  and  ooUH^^qn  iitlv  ^,  the 
dispLiceniPiits  will  bo  given  by 

(14)  M=^'tt„,  w  =  2Vrt,  w=ltP„» 

f  3.    When  t!ie  elawtic  solid  is  bounded  by  two  |»jimllfl  planes, 

tlio  dist'n*<sii)]i  of  wHves  can  be  };enemlly  reduced  to  tlint  in  two 
inensiuns.    If  tlje  bounding  planes  be  given  hy 

x=0,  x=Ot  and  2=0, 

tiie  suifiice  wrtve  would  ije  geuemlly  given  by  tJie  ouiiKjneuts  ii  mid 
w  only. 

Tlnoe  difleient  cases  aie  to  be  distinguished. 
(I)    WJieu  both  piiuaeM  x=:0,  x=a  arachunpad;  tlieit  n  varies  as 
Hin  fx  and 

ft 
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(15) 


(n  =  l.  2.  3.....> 


mid  the  complete  period  is  given  1 


(15') 


2a 


Writing 


vheie  r»  «  Hre  expressed  by  tbe  alx>Te  vfUiie  of/. 


(16) 


a: 


W,=  C?«S:p^«iin«n'  — 


satisfj  the  specified  condition,  so  that  the  sum  ol  these  expnessiona 
will  also  represent  the  possible  fonns  of  snzface  waTes. 

IL   When  one  boimdaxj  is  damped  and  the  otlier  in  fuee, 

M=0   for  a=0 


uud 

Thus 

wlieve 
(17) 

»ud 

or 


a,  =  a. 


2  u 
2u  +  l  n 


(11=0.  1,  2,  3  ) 


2 

4 


—  IlL 
a  V/' 


« 
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The  diKpIaoexnentB  are  giveu  by 


(18) 


III.    WJien  U>ili  plnnes  a?=0,  x  =  a  are  liee, 
3«         #      a;  =  0 


And 

(19) 
And 


Evidently 


(«  =  1.  %  ''\  ) 


or 


2a 


vliich  is  the  same  iw  for  damped  boundaries. 
CoDfieqnently 


<20) 


I... 


A     .In  J 


§  4.  The  caoe  wliioh  is  re^fdly  worth  oousldemtiou  in  when  tlie 
boandaiy  is  yielding  to  a  certain  amotmt.  As  tlie  sni'faeo  soil  is 
characterised  by  its  plflsUoiiy,  and  tbe  nneyenness  of  the  bounding 

snrfnco  nmkos  tho  appmacli  to  the  ideal  cast*.  soineMJj.it  diilicult,  the 
general  tl(S(;ii-^si()ti  u\  \\m  \ieldiug  boundary  in  its  !t])])licatkm  to  ge«)- 
pbjtticB  lUttj  with  piopriely  1j€  ])osli)oiied  till  ti  e  m.iiii  cjuise  of  tlie 
surfjice  treuKus  is  \v(Ml  sp-tlled  bv  obsprvatiou.  If  ui'  allow  for  the 
deviations  in  the  actual  case  ixoxw  wluit  is  assained  iu  tlte  above  dis- 
<*ii88ion,  the  &st  casa  ironld  convspond  to  the  vibmtious  of  a  plain 


oiyui^-o  uy  Google 


34 


r:  kaqaosa. 


betweeu  iwmllel  momitaiu  I'Atiges,  tlie  aecoud  earn  to  those  of  a  plain 
isolated  by  a  ridge  on  one  side  and  a  luomilnin  rouge  on  the  otlier». 
nud  the  third  case  to  those  of  a  high  plateau  ov  of  a  phiiii  betnreeii 
two  paiallel  vivei-s. 

To  giv(>  n  uuiiiei  icul  instmice,  let  uk  HupiMtie  tlmt  a  =  10  km. 
iL  ^sii^.  r=0.9p  then 


and 


jr,=  7'A       for  il)  aud  (III) 
(7',=  3.7 

(7;,=  14S        „  (II). 
4.9 

'i'he  above  result  bIiouh  that  the  vibiattou  i»  quite  aualofpyus  to 
tbe  longitudiiial  Ttbratiou  of  rods;  the  nodes  and  looiie  are  to  be 
fonud  in  places  tvhidi  aiie  nliquot  parts  of  tlje  breadth.   The  Telocity 

of  propagation  is  not  ho  »iiin])ly  defiuod  na  in  the  casd  of  rods. 

Tlie  velofilv  of  trausversal  wavo  if*  ]>;'iha])s  vGiy  small  for 

iiie  upi)eriai:Kt  ntrata  of  tha  ('^irthH  crunt  luid  probably  much  less 
km 

thnai  8rrr>   When  tlie  plain  ou  which  tlie  rarface  ware  is  excited  ia 

sec  * 

of  considerable  extent,  the  iieriod  of  stationary  wave  may  attain  a 
tolembly  lai'ge  %'alao.  If  such  motion  be  stimulated  by  in-ogressire 
seismic  irairea,  there      ever\  )Kis8ibility  of  the  motion  being  traced 

oil  seisinogijipiis.  One  gie.it  dmwiiack  in  seisuiompters  is  thi*  im- 
])Os.sibility  of  the  disf rimiuation  of  the  piugrt;f»sivu  iixnn  the  siatli>iuirv 
waves.  I  am  not  aware  if  such  wa^■f•s  liave  ever  beeu  observed,  but 
it  would  not  be  out  of  pla('«'  here  to  notice  the  pix>bable  api>earnuce 
of  vibrations  of  long  periods. 

The  tremors  accompanying  the  barometric  cliange  generally 
indicate  pei'sistence  of  surface  wave:}  for  some  intervals  of  time. 
As  tlie  surface  soil  is  strougl}-  dami)cJ,  ibe  eTanesoeuoe  will  be 
qntck ;  but  the  surface  pressure  is  generally  aecorapauied  with 
strains,  as  .ilretdy  sliowu  in  the  preceding  paper,  in  regions 
(piito  iTtsmulo  Imia  (lie  ]>lace  of  adnal  appliaitiou.  Tiie  exti^nt 
to  wliich  tiie  liovizi^ntal  ei>iu]x>ueut  oi  the  surface  straiu  is  felt  ie 
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liuearly  i-«lAtei)  to  the  radius  of  the  eiretilar  region  snbjeoted  fn 

stivx^s.  Ah  is  often  met  Avith  <>ii  the  earth's  surface,  the  re«ii(>u  of 
liiw  iin  ssiue  or  of  slrouj^  rniufull  is  not  liiuittii  to  :i  n.-urou  space, 
)jut  extends  over  liuudreds  or  sometimes  thousands  of  kilometre's  ;  the 
o(iiiseqti<>iioe  is  Wmi  tlie  regiou  in  wliiob  tlie  sarfaoe  xcKve  in  liable  to 
be  excited  is  of  vast  extent.  In  conntries  which  ftlxmud  with  moun- 
tains, iutersperaed  with  lAniw  Iietween,  the  surface  waves  may  lie 
either  propagating  or  etatiooarj,  so  long  as  the  disturbing  force  is 
actiug,  wliether  tlie  poiut  tinder  ooosideration  be  wifltin  tlie  pressaro 
dfifnaiu  or  ontnlrle  it. 

'J'lic  iiispi  (  t i '11  of  tljt;  (lia^runi  of  tremors  ul  ouco  indicate  tlie 
existence  ol  l^eats  in  the  viluutions.  Tliese  are  of  exactly  the  hjune 
nature  ius  is  observed  in  the  sna  waves  on  cnhn  days,  witere  tlie 
bottom  is  irv^ular.  These  beats  are  pi%>bably  due  to  the  superposi- 
tiou  of  two  vibrationa  <A  uearlj  equal  periods  and  ampUtudea.  lu  the 
case  of  earth  tremors,  ttie  existence  of  two  »nch  vibrations  is  to  be 
traced  to  the  noauuitbruiity  of  the  surface  strata^  wlien  either  tlie 
elastic  ooosl'ants  or  tlie  thickness  of  the  horizcutal  strata  are  slightly 
different,  there  will  be  snperi)ositiou  of  two  waves  'giving  rise  to 
Ijeats  analogous  tf>  those  v\ i  11  kii«»wii  in  light  and  sountl. 

^  6.  'i'he  Inltilment  of  the  hcnnulaiy  condition  in  the  present 
problem  offers  insnrmoimtabli^  ditticulty  to  exaut  calculation,  except  Jor 
those  boondaiies  which  are  couronnabie  to  vectaugnlar  coordinates  or 
circles.  The  result  of  calculation  in  its  practical  application  is  only  a 
itiugh  approximation,  aaid  probably  represents  a  jjart  of  the  pheuomeiia 
of  earth  Iromurs  iu  ils  broadest  aiq)ect.  The  discussion  of  the  present 
problem  with  s^iecial  auidogies  to  sea  waves  will  nut  fail  to  be  of 
special  interest  to  those  jiursuin;^  the  study  of  geophysics,  ais  there 
are  so  many  points  of  rescml  hiiue  hetuven  Llie  two.  I  liave  therefore 
thought  it  advisahla  to  giv<^  a  diagram  ot  st-a  waves  observed  .it 
Odawni-a  on  a  calm  day,  to  show  tiie  cit^e  kiueniaticai  analogies  which 

■r 

may  exist  between  these  two  phenomena. 
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Introduction. 

Tbe  importance  of  measuring  tbe  elastic  constests  ol  rooks  by  a 
kinetic  method  may  be  easily  lecognized,  from  tbe  gteat  deviation  of 
tbe  Kewtonian  relooity,  in  tbe  case  of  soond  travefli  from  tbe  actnal 
one.   In  No.  17  of  "the  Pnblicatious,"  the  anthor  reported  some  ox« 

■jwrimciitnl  resftJircliPH  mliitin*^  to  static  nuxliihis  of  eljisticity  of  rot'k.H. 
A  little  c<  >iisi(leiati( 'II,  liowever,  will  show  tluit  tho  vhIub  of  elastic 
coustaufs  detenniuwi  by  a  statiud  metUod  Is  hut  a  rough  approxima- 
tion to  be  used  in  the  dtscoaslon  of  wave  velocity.  Not  only  ai-e  the 
rapid  alteiatiou  of  state  eonoemed  in  tbe  propagation  of  mive  attended 
with  tbennal  ^kct,  bat  also,  in  the  case  of  rocks,  tbe  phenomenon 
of  yielding  may  have  great  iudnence  to  make  tliem  farther  deviate 
from  tlie  actual  state. 

Possibly  sonud-experiments  is  tbe  best  method  of  ascertainiug  tbe 
kinetic  modulus  of  elasticity.  The  result  deduced  from  such  intinitely 
small  Htmins  as  in  soniul  ^il nation  is  no  doubt  gi-eat  value  as  rr-- 
gards  the  ehtatie  pro{)erty  of  rockn,  and  may  have  a  clotje  relatiou  to 
tlie  propagation  of  aeismio  waves.   A9  it  may  seem  strange  to  speak 


28  8.  xusababe: 

of  vibmiion  of  suek  Uiose  racks  as  sandstone,  the  naeasaTement  of  tbe 
kinetic  modulus  of  elusticity  is  not  m  easy  as  in  the  metalltc  snbstanoea. 
Tlie  xnetliod  to  be  descr{b(>d  hei^  is  m  Hpi>lieAtiou  of  Melde's 

eNperinieut,  coiulniH^d  with  tlie  piiuciplw  uf  itasoiiaix-e.  Tie  nniiiUer 
rf  rocks  exaniiiit^d  .iiuuuuts  to  nte  Iniinlmtl  fifty  eij^lit  (lilVt;ient  si>«- 
cinieiis  collecl^^il  fi^  jii  various  Itx'alities  in  the  mnin  luml  ol  Ju^ittu. 
There  are  23  orchnean  rocks,  65  palaeozoie  mcks,  12  tneKozotc  rocks 
and  58  cninozftic  rocks.  The  whci»  experiment  is»  indeed,  bnt  a  be^ 
ginning  in  this  field  of  itiqniry.  and  inay  be  streim  as  a  wzeck  in 
coarse  of  fni-ther  pttsgi-ew*.  Still  1  ho)ie  tliat  it  will  form  a  steppii^- 
«tone  to  later  investigntions. 

Methml  o/'  nMi/tHUfament* 

'J  lie  rsseuce  oi  Mekk- s  t  xiu  l  imeiit  is  lliat,  on  <  im»  1j;iik1,  h  niiis- 
sive  fork  excited  l»v  .i  bow  or  luiiintjiiiipd  in  btaticii  n  v  state  by  elec- 
tro-magnet, vibiates  in  a  mnnjier,  wiiiuU  is  approxiiuately  independ- 
ent of  the  reactions  of  any  light  liody,  which  may  be  connected  with 
it,  while  cn  the  other  hand,  the  period  of  the  forced  vibration  of  the 
light  bod^-  is  detennined  solely  br  the  period  f)f  the  force  which  is 
su}»]icsed  to  act  on  the  system  from  without. 

The  |U'iiic-i])le  of  resonaiure  is  merely  tliat  llu*  kiiietio  oiier-iy  t»r 
the  amplitude  of  any  forced  vjI)r!ition  is  the  greatest  jmssible,  when 
the  i)eriiKl  of  the  external  force  is  that  in  which  the  system  would 
vibrate  fa'eely  under  tbe  ioilueuce  of  its  own  elasticity.  The  unralier 
of  f  I'ee  vibrations  of  n  string  of  given  lengili  may  be  easily  calculated 
when  we  know  its  linear  density  and  the  amonnl  of  teusiou. 
The  presieut  method  is  simply  as  fallows: 
a.    A  Kpeeimen  of  rock,  whose  one  end  is  tightl\'  damped  by  a 

massive  vice,  is  maintained  in  free  vibration. 
h.    A  fine  wire  ul  kuuwn  linear  den.sity  /r  is  coinit  ctA d  with  the 
fne  end  of  the  specimen  and  i^tretohed  with  a  kucnvu  tensiiui. 
c.    The  length  I  of  tho  il      wire,  in  which  tbe  wira  vibrates 
with  masimum  amplitude  is  nieasui'ed. 
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The  nninber  of  free  vibrations  of  gravest  mo4e  loir  a  pefectlr 
flexible  string  is  given  by 

urLere  "W  is  the  siispemled  \vt  ifjht  to  which  tension  is  ihif.  Vw\. 
if  we  coiisiilor  tlio  string  as  nut  Luiiig  iufuiit<  l\  tiiiu,  so  tlmt  (Jit-  rrului^ 
of  gyratifju  k  of  tlie  nrea  of  its  spctioti  alx  nt  nw  :t\is  tla-ougli  its 
centre  of  iiurtin  )K>rpeiu1ic>ul]ir  to  the  plane  of  beinliiig  can  not  be 
neglected,  which  is  actually  the  case  fear  u  metallic  wira,  its  stiffuess 
most  be  taken  into  nccunut.  In  the  case  where  the  extraraity  of  the 
wire  is  constitiiued  to  be  a  node  by  stietchiog  it  over  a  bridge  bnt 
there  acts  uo  coaple  to  fix  its  direction,  the  correction  fur  a  circni:ir 
wire  with  i-ndius  r  is  given  by 

where  p*  and  E'  nvo  the  specific  density  and  the  modolns'  of  elasticity 
of  the  wire  respectively. 

Thus,  the  nnmber  of  vibration  n  of  the  specimw,  which  is  identical 
with  that  of  the  crmnected  wire,  is  given  by 

TTWE'  1 

■>ip     ?<|  / 

Ai.tdlier  term  of  conoction  diiM  to  tlm  eftect  of  tiit- wiiv  c-oiuwcted 
at  llie  free  end  may  be  easily  known,  since  the  effect  of  the  small 
h;ad  JM  is  the  same  as  a  leugtlieuing  of  the  specimen,  whose  weight  is 
iV,  in  the  ratio 

On  the  other  lioud,  the  relation  between  Young's  moda'tis  E  and 
the  number  of  vibration  of  the  specimen  is  given  by 

/*      .  /A 

wliL'ie  1:  is  the  radius  f)f  gyrati< :in  1  p  in  tlie  H])ecific  density  of  the  sijeci- 
tueu  whose  hugtii  is  //;  while  m  is  a  constaut  satisfy  lug  the  equutiuii 

cos  m  cosh  I/}  -t- 1=0. 
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The  KiDAllogt  ivx»t,  1-875,  of  courae,  oori^esiioiidii  to  the  gniveat  mod» 
of  TibratioQ,  while  the  seeoud  roo^  4*694,  and  other  anecesaiTe  roots 
coriespoucl  to  tlie  htghw  notes.   The  frequencies  of  the  series  of  tones 

being  proijortioual  to  m*,  tlie  first  over-tone  is   2Mog4.694  — log  l-87o( 

-^-log2=2-G  octaves  liiglier  tli.iii  tlio  irnivust  tuue,  so  tliftt  in  the 
nctu;il  case  tiie  gravest  tone  i3  the  oulj  cue  whicli  oixn  be  ea^iiljr 

measnietl. 

So  far  ns  the  metliod  is  concerned,  tiie  above  atatements  are  auf- 
fieient  and  nothing  more  is  required.  In  laboratoiy  work,  howeTer,. 
there  are  seveml  experimental  difficulties  to  ba  oTsroome ;  espectatlj, 
the  xnainteuance  of  vibration  and  tlie  fulfilment  of  the  oondition  of  a 
clamped  end.  Tiie  hist  condition  U  I'ealised  by  means  of  a  steel  yice- 
ol  niftssive  coustructiou,  weighing  ca.  thirty  kibgmms.  The  vibration 
if*  maiutiiiued  hv  n  p«^ri(>diti  impulsn. 

The  (listiuetiou  of  forced  tixna  Ireo  vibrations  is  very  imp^^rtant, 
and  mnst  Lie  clearly  stated.  If  a  vibration  the  response  of  tlie 
system  to  a  force  imprx^  upon  it  from  witliout  and  is  maintained 
by  the  continued  operation  of  that  force,  it  is  obviously  a  forced  vib* 
ration.  But  it  mnst  be  remembei«d  that  any  free  vibration  which  we- 
shall  have  In  laboratory  exi)erimeut  feikes  its  wigiu  neoesanrily  from 
a  force  acting  \i\Mi  it  from  withont.  At  first,  there  is  a  forced  vibra- 
tion not  less  impoitaid  tliun  its  rival,  but  when  the  force  is  removed^ 
tliougli  tlicio  is  no  discontinuity  in  velocity  or  displacdnK^nt,  bnt  the 
peri(xl  of  thti  force  ib  at  once  exchanged  for  that  natural  to  (he  system, 
and  the  forced  vibration  is  converted  into  a  free  vibration. 

In  the  present  case,  the  specimen  wh:«e  one  end  is  clamped  by 
the  massive  vice  is  tapped  periodicaUy  by  a  liammer  under  electro- 
magnetic  maintenance.  Hie  frequency  of  the  hammer,  wlilch  is- 
easily  adjustable  within  wide  limits  by  varying  its  moment  of  inertia, 
is  about  leu  second ;  while  that  of  the  specimen,  as  the  case^ 
may  be  according  to  tlie  age  of  the  rock,  lies  hetwoen  some  three 
hnudred  and  a  tUouswind  per  second.  Tlius,  between  two  consecutive 
tappings,  tlie  iiuinber  of  vibmtious  of  the  specimen  amounts  to  some- 
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tliirty  or  Luudrad,  bo  that  the  mode  ol  vibration  ia  neoessarilj  of  free 
natnve. 

Fig.  1.  pi.  11  ifi  tlift  pill  tofj;raph  of  the  wliole  uirangement,  \\  Iiiclj 
is  lakl  ou  n  massive  stone  projecting  from  tin?  i\(H;v  of  paved  stones. 
.A  specimen  dumped  in  tlie  vice  is  tapped  by  a  Immmer,  wljich  is 
supported  by  a  stand  and  maiutaiued  in  stationary  vibmtiou  by  an 
electro-magnet.  A  fine  copper  wire,  whose  radios  is  abont  one- 
twentieth  mm.,  is  connected  by  means  of  bees  wax  at  the  upper  end 
of  the  specimen  and  stretched  over  a  bridge  by  a  tension  dae  to  a 
suspended  weight  The  bridge  may  slide  ulong  an  iron  bench  of 
length  cft.  118  cm.  in  whicli  a  scale  is  gradnutod  iu  mm.  A  micio- 
ftcujx^  in  :iU<i  iiidniit*  d  tlie  l»ojich  to  nu  iiMjit'  the  amplitude  of  the 
vibrating  .string.  Tiie  copper  wire,  whose  1  leaking  tension  is  ca.  140 
grams,  was  tirnt  pulled  by  a  tension  of  lOOgrarais  for  about  3U  miu. 
and  then  used  as  a  vibrating  string.  Duriug  experiments,  the  tension 
of  about  ten  or  foniiy  grams  is  sufficient. 

Here  it  is  necossiiry  to  remark  that,  although  the  yibration  of 
ihe  string  is  due  the  periodic  force  impaiied  from  the  specimen,  the 
point  of  application  of  the  force  neiwr  corresponds  to  a  loop,  but,  on 
tlie  contrary,  there  is  a  n(<le  in  that  viciiiit\ .  Assuming  tlie  impress- 
-ed  force  given  by  th'*  vibratiiij^  i  <k,  wliich  is  cuunecteil  with  the 
striiig  at  a  jjoint  whose  distance  from  the  bridge  is  x=b,  to  vory  an 
Fcmpt,  the  amplitude  of  the  motion  between  the  bridge  and  the 
rock  is  approximately  given  by 


where  f  is  the  aroplitnde  of  the  specimen  measured  at  the  point  where 

the  string  is  conuecled,  and  /  is  the  coefficient  of  friction  of  the  string. 
This  expression  takes  its  greatest  value  obvicualy  wiien 
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that  is  to  wy,  w])ea  the  poiut  of  applicntiou  of  tii«^  impre.-^l  force 
is  a  node,  the  ampUficntioD  ot  the  forced  vibrntiou  atltuiis  its  tuasimttiu 
ralne. 

Preliminartf  Mati^erimentn, 

To  test  tlio  Jinaii^oinent,  tUe  lolloping  expeiiineiit  was  made 
U'ith  <a  tiitiiug-foi'k  of  kuowa  freqneiicy,  giving  tlie  folUmiug  result. 


Tttuiug-fork.    Sol  .    :^H4  vs. 
jr=40.596  grams.    ii;=477  x  lO-'g/o.  <?=97t).8'Vs'. 
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It  is 

emey  to 

see  that 

A  nodjil 

poiut  lies  somewhere  at 

a  point 

near  tlie  origin  of  the  scale*  mensiiraraent.   Let  this  distance  be  denoted 

by  a,  tlien  tlie  above  iralnes  of  V  corresponds  to  where  N  is 

the  numUor  of  loops  contained  iu  the  observed  segment  of  the  string 
Thus  a  nnd  J  l>c*iii^  two  unknowD  quantities,  they  may  l»o  easily  cal- 
culated by  the  method  of  least  s<iuaies.    The  result  is:  — 

^=23.80 

wlieuoe  we  have  »=:191.9. 

The  correction  for  stiffiiess,  which  is  inver.sc'ly  pr<jportioual  to  the 
fourth  power  of  I,  is  insensibly  sntall  in  this  case. 

The  ivsult  of  .secoud  ux^jerimujit  with  tho  other  string  and  smaller 
tension  i» 

if^s:  20.908 
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whence  n  =191,6 

Tho  difference  between  tJit>  two  and  tlic  i-egisteiwl  value  102  is  within 
the  emu-  ot  (jbsei  v.dinn. 

As  to  the  voriticatioii  for  the  ooiiditiou  of  a  clntniiecl  eud,  the 
cftae  of  tuning-fork  with  two  proiigiB  is  wholly  out  of  place :  bo  thtit 
the  loUoviug  obfierrations  with  a  piism  of  snft  irou  may  not  lie  ru- 
perfluons  to  be  cited  lieie.  Everything  oonceriiing  a  speoimeu  being 
given,  the  frequency  varies  invrrselj  as  the  iKjtiAre  of  the  length  of 
the  vibrating  iN)ition;  ooowquoutly  the  fisedness  of  the  damped  ftpc- 
tinu  i^  very  importnut.  In  the  ciiso  of  ttinini^-fork,  the  matter  is 
sf)niowli:it  ililVoront.  Any  c<iLtii:U!itiiiu  of  tl  i'  specimen  beyond  tlie 
clamped  nection  would  Ite  without  effect,  >ih  it  acquires  no  motion ; 
bnt  DS  the  first  clamp  is  i-eUiLed,  tlie  pitch  rapidly  fiiils,  in  con« 
aeqaenoe  ot  the  increase  in  length.  Thus,  in  tapping  the  specimen 
cnro  must  be  taken  to  give  no  impact  to  the  dampefl  aeetiou*  i.e.  the 
$;(jecimen  should  be  tapped  at  a  plnce  corresponding  to  the  eentie 
of  pei-ousaiou  with  i'es][)ect  to  tlie  cUmped  section. 

TJie  result  of  tho  first  olieervAtion  fs  ns  follows: — 

=30*718 
te  =5,VJx  10-*  g:t\- 
^=1.221  )clO'« 

?  =10^.87 

whence  Vt  =3:30.8 

n,  =0.2 
n  =  350.5 

i.' =2.029  X 10"  c.g.s.  unit. 
The  teault  of  the  second  observation  with  anofclier  string  and  smaller 
tension,  in  which  the  direction  of  motion  of  the  i)oint  of  attach- 
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xment  was  parallel  to  the  lengtb  of  tlie  string*  is  as  follows: — 

w  =5.67xlO'«g/c. 
/  =12'-.47 

whence  jii  =175  3 

It,  =0.2 
»  =351.0 

E  =3.034  X 10'*  0^8.  iiuit. 
'ilie  results  obtained  in  the  two  difiSerent  modes  of  expeitment  agrees 
with  eaoli  other  within  the  error  of  ol>BerTatioo. 

Tlie  experiments  with  saudstouo  and  tuff,  liowever,  gavo  very 
ninbi^iotis  results  to  CDufouiKl  tlio  obsfiver.     At  first  sight,  it  neeras 
119  it  there  were  no  dortiiite  loiigtU  with  which  the  string  vibrated 
with  niAximnm  amplitude.    For  instance,  iu  the  cnse  of  sandstone, 
tlie  length  oonrespcnding  to  mazimnm  amplitude  were  as  follows:— 
9«.28i'>     9.93<'>  10,64<'»   ll.42«"   12.34f'>   13.40'«  14,63<'> 
16.23<'>  17.39t»>   18.41«>  19.69<«>  2L04«>  22.6r->  2449«*> 
26.0a<»  26.7Cf^'  27.58*»>  29.43*    31.63^  32.53^'>  33.89**> 
34.62«*>   36  76*    39.31<*>  40.00<»'  41.88»  43.08t»> 
Siimll  numl      in  Wrackets  is  the  Dimiiun' of  l<i<>|is  contaiinMl  in  tlie  seg- 
ment.   Tlioe**i  luuiked  willi  ■  ciniospoad  to  a  p(M-nliMr  hukIi'  »)t  vil nation. 

The  first  adequate  sup|X)sitioa  is  that  the  elasticity  of  such  loose 
materials  as  rocks  which  compose  the  earthcrust  is  not  unique,  so 
that  tliej  may  vibrate  with  several  distiuet  periods  differing  from  each 
otlier.  Further  it  beoomes  a  matter  ot  course  that  the  velocity  of 
psopagatioQ  of  aeismio  waves  is  not  uniqoe  even  for  a  given  rock. 
Taking  the  case  of  sandstone  No.  34,  the  half  wave  length  with  which 
the  string  may  vibrate  witli  maximum  amplitude  is  either  of  the  fol- 
lowing nitnibers. 

13%48  15.33  16.30  17.20  19.25  21.68  24.67  28.72  34.82  42.8J). 


*  Not«  Unit,  ouder  tli&te  circuiQHUiuc<!»».  tli«  pehwl  ot  the  bUiag  is  double  ut  that  <if 
(itj+n,)     the  HtriDg. 
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If  we  assame  that  all  these  lengths  equally  correspoufl  to  proper  rib* 
ration  of  the  speoimen,  the  period  of  vibration  will  not  be  unique  but 

propoitional  to  the  above  uumbei^.  llie  velocity  of  lougitudinal  wave 
should  be,  then,  propuitional  to  the  foUovviag  ^eii^  tjf  uumbers :  — 

12.9    11.3    lO.G    lO.l    9  0   8.0    7  0   6.0    5.0  4.0 
lu  Professor  F.  Omori's  iiapera        frequently  tiiid  what  cori'espoud 
to  the  aboTe,  zelattng  to  the  periods  and  Telocities  of  aei<amc  wavee 
in  their  aucceesiTe  phases., 

Bepeated  experiments,  however,  showed  that  sncli  a  mnltiplieity 
is  the  effect  of  tapping  by  the  hammer,  so  that  Viaying  the  ]>erind 
of  the  impressed  foree  we  might  obtnin  another  series  of  ranximnra 
values.  I  do  uot  any  that  tlie  sjudo  expliiii.ititiu  inny  be  applied  t<» 
tlie  case  <»i  neisiuic  wave.'^.  It  may  l>e  luitcd.  however,  that  provided 
two  nei|2^h1>onriug  localities  have  their  own  periods  of  fren  vibratioD, 
similar  pbeuomenon  may  puesibly  occur  as  one  locality  is  shaken, 
ioived  by  the  motion  of  the  other  locality. 

Althongh  the  TibratioD  is  essentialh*  of  free  natnre,  it  is  rendered 
intermittent  by  tlie  periodic  iDterpositiou  of  an  obstade,  so  tliat  a 
very  different  result  ts  nrriTed  at.  In  this  ensi^,  a  Ttlmitiou  of  frequen- 
cy j(  vaiioa  iu  its  uiaplitiule  with  a  frt'(]noi;cy  m,  Ihu  last  of  which 
being  the  frcqneucy  of  the  Jiammer.  The  amplitude  increjuses  very 
snddeuly  and  it  is  ulnays  positive,  so  tiuit  the  motion  may  bo  tissunied, 
though  in  ven-  rough  approximation,  to  be  represented  by  the  ex- 
pression, omitting  a  cousiaut  factor, 

^ = <  cos  Sirmf  I '«  COB  2}r  ft/. 
By  ordinary  trigonometrical  transformation,  the  above  expression  maj' 
be  pat  into  the  form 

y=A^ooB  ^mt  +  ^A^\eoB  2^(n + ^vm)  +  cos  Sjr(n  -  2vm)  ( . 

Thus,  it  is  clenr  that,  iu  such  a  cjish,  the  ampUliule  takes  its  luaxi- 
nium  value,  provided  the  length  of  the  string  corresponds  to  any  one 
of  the  numenms  component  vibrations. 

It  will  be  easily  seen  that  the  relative  magiiitndes  of  the  several 
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jnasimum  atuplitudt^H  iim  very  different  from  Oiich  oilier  in  sacdi  a 
WAj  tliat  the  gi«Alest  luflsitntim  correapnuds  to  tlie  vibrntfon  with 

uatuml  pei-i(>d  of  the  <;|)eciinen  ami  the  smaller  tlie  a:tiplitade  the  mors 
aft'ected  by  tlio  irupmssetl  iorce.  W!u  n  m  is  uot  t«)0  small  to  lie 
coenpaml  with  n,  each  in.ixiinum  may  be  ilistinctly  obsened ;  V>at 
these  couaecutivoii  iuoib  auil  luore  approach  each  other  as  the  ratio 
beoometi  Hmaller  and  smaller.   la  the  case  where  tlie  ntio  is  one- 

tt 

liftieth  or  smaller  than  tliat,  the  series  of  mast  ma  become  approsi- 
inately  cotititiiiotts  and  practically  coustitute  one  maxtmam  with  small 

gradient. 

Again,  v.iiTiiijjj  tin'  jx^riod  of  tin'  imidi'^si-J  f<'ii-<>  fioiu  m  to  m',  all 
tii«  lengths  t;itne.spoudiii^  to  in  ixiiuum  jiiupliliules,  «  Ne«pt  that  which 
coiroHpoads  to  the  natural  ixniod  of  the  specimen,  aro  changed.  Wheu 
tliese  two  facts  are  taken  into  acooant,  it  is  oob  diflicult  to  determiue 
tliat  uatncal  period  of  vibratiou  for  aujr  specimen  at  hand. 

Let  f^tid  If  lie  tlie  length  string,  ribnUitig  with  one  loop» 
correspond  lug  ki  Uie  uumbe»  of  vibn^tion  (tt-t-Sttin' »tid  re- 
»liectively,  then  for  certain  lenis^h  I,  which  is  a  common  muliii)!.  of 

aiud  /f,  the  ^tl  !l;;_':  \  ibratfs  iu  a  |>eculiar  iiianucr  .ipparentiy 
otie  l<x>p,  n<>il('s  til.  (fin  uumIh  ot"  vibration  being  overlHpi>ed  by  loops 
of  other  mode  aud  vii;o  >ers;i. 

One  example  will  suffice  to  explain  the  method  of  experiments. 
In  tlie  case  of  sandstone,  the  result  of  one  experiment  with  s*  brass 
hammer  shotved  that  the  string  might  vibrata  with  maximum  ampli- 
tude correspouding  to  any  one  of  tlie  uumbet-s  of  vibratiau 

4lOO±25'7v 
where  V  is  an  integer,  so  ih.tt 

a  :=-iIl>.0 

Other  tixperiniont  with  a  lead  hannnt-T,  iti  which  the  moment  ol 
inertia  was  iucvea-iod,  gave  other  result  as  fullows : — 

n  -409.3 
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Thefle  two  values  for  frequeucy  in  ime  vibration  are  equal  to  each 
otlier  witliin  the  error  of  otieervation. 

In  the  al)ove  observatious,  tlie  teusiou  o£  the  string  reumiuod 
oousUut  ami  e<jual  to 

ir=:3i).71Sgramg. 

To  test  wJiether  the  error  of  obsei-viit.ioa  is  afi^cted  bj  the  variatbn 
of  tjje  constnut  teusion  or  not,  other  two  obsprvaUons  were  made  on 
the  same  apechuou,  giving  tlie  ivstilt 

for      lV=20,m      ,  »=411.4 
for      ir=ll.065      ,  n=:409.1. 
Now,  fnkiu^  tlie  mean  of  the  above  four  values,  the  data  ret]uired 
to  ciilotil  ittn  tlto  modulus  of  elasticity  of  the  saiuUtone  are 

L  =9-.l) 
h  =1.16 
p  =2.25 
M  =410.0 

wiience  E  =  10.:iG  x  lO***  cgA  unit. 

JiiTiHsrimeuial  MestUi, 

Tlie  nbovo  ratluT  «^omplicate(l  methotl  of  ob.servatiou  w.is  ;ij>- 
]ilied  to  (lett'iiniue  tliB  uukIuIus  of  elasticity  for  one  iiuudit^  1  fift}' 
<jight  (lifTereut  specinieun  of  rocks,  coutaiuiug  23  archaean,  65  palaeo- 
zoic, 12  luesozoio  and  58  eainozoio  rocks.  The  following  table  gives 
the  resnlt,  arranged  in  the  order  of  geological  ago ;  for  tUe  same 
geologictd  age»  those  with  larger  valnea  for  the  modidns  come  before 
thoee  with  the  smaller.  For  the  complete  diaeDSSion  of  the  elaatio 
uatnre  of  these  rocks,  »o  many  difibrmt  elastic  constants  as  the 
number  of  sj'mmetry  i>l.iiies,  wliicli  can  bs  drawn  in  these  rocks, 
must  bo  delermined.  As  we  luivo,  liowevcr,  no  sinijilo  ineaiis  of  ex- 
nmiuing  th^se  symmetry  planes,  u  single  hkhIuIus  oi'  cliisticity  is 
determined  relating  to  two  mutusdly  perpendicular  diiecti<jns,  uu  thb 
supposition  that  the  matorhil  is  isotropic.  Tlie  velocity  for  lougitudi- 
ual  waves,  calculated  l>y  the  formnhi 
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is  ftUo  gLTeu  ill  thf>  t,il)lt>.  The  vulne  giren  in  the  table  m.-ir  be  ditferent 
from  tlie  actual  one  of  ioagitudiaal  wftTM  in  Tariotts  vocks,  but  it  will 
pn>babljr  gtTO  a  rough  estimate  iu  m  far  as  onr  moiem  seiamometrp 
is  ooncemed. 


KINETIC  MODULUS  OF  ELASTICITY  OF  ROCKS. 

(tS8  Speeimeat). 


Speci- 


li.H-k. 


Kiail. 


I 


KitMtie  modidiw  of 

dMtidty.  V.iMltv 
,of  lijiigit. 


I 


Cliloiit*'  svliist. 
7^.  IVri<K)tit«-. 

nVri.ljtit.' 
(  ii«r]>eatiae. 
iix  Gabbio. 

86,  Ghktite  schist. 


91. 
Ml 


Clilorite  hchist. 
Cbli>rit«  schist. 

Cblcnite  aohist. 


9S    (Jnij.liit.-  .s,'hist. 
1  serpeotine. 

,  <  ■ir:i]ihitf  M'hist, 
<  'liloiitv  whist. 


ARCHSiLK  B0CE8. 


{CJJ  S.     {c.ffj!.    [r.ij  s. 


M.  t:iniarphic. 

M.  !  ,. 

(.\it.T..-a]. 

I'.lMJr 


Clilclillni. 
(.'liirliihti. 

( M:i(  liiv:i,  Kiyi. 

]  IK.iaki. 

V<ikasi'.  (  liirhilm. 


Onislii.  (iiiiDiiiM. 
iN't>jj:t4!iil,  Chirlill>ii. 

^Ijt>>.  Il>.ir:»ki. 

Nugnmi,  Chiclubn. 

'  fKut.ilnimi. 
.  \    t  hiuiiilm. 

Oiichibn. 
iNoKftmi.  ClnchiVni. 

I  Kniiils.'iTiii. 

OniBbt  GnmiDii. 


,  ( r. ii.i.itii. 

I     N'-r]"'!!!  int. 
GO*  'iii'iss 
ly,  U  Fcriiiotite 
M  i$«r|»Qtiii«. 


90   Chlorite  Bchigt. 
(l>ffi>mi>ooedK 


Ki^i  Ibiitiiki. 

( Knnikami, 
1  (liiiiiilm. 
N"(>guuu.  Cbichibu 

Kt^i,  IbanUti. 

BhiaahiiOk  Uiknii'n. 

Uhninki. 


M.  t.i- 

Eruj». 
Uetii. 

Uetii. 
5l«tn. 

Eni]i. 

Xl.tu. 

Hetii. 
£ru]i. 


Oni'^lii.  (iiiiniiia.  Mt  t.i 
(Kmiikanii. 
.  Caiichibu. 

Onishi,  Gumraa.  Metri. 


J f  ■  > 

(1     1 1 
. ' .  (  . » 

J  .'..I  I 

J  H'-J 

1 0.  fss 

10  7s 

(U>-' 

7.72 

Ull 

f^.7J 

5.7n 

'j.u:> 

.Vl:t 

2M 

5.98 

7.K> 

•j.r.T 

7-''.*; 

7.1' 

74  1 

:,.2>> 

7.r.,t 

1  p:» 

2.83 

7.(;7 

4.yl 

2.71 

5-1*5 

7. -Id 

CCl 

4M 

S.87 

5.21 

c.a5 

5.78 

449 

•  ■' 

5.7S 

ri,:!7 

4.1] 

2.77 

'i.-li.i 

8.82 

5.55 

5.35« 

5.45 

439 

2.59 

5.33 

SJ07 

5.23 

2.78 

5.ia 

4.93 

5.04 

4.27 

•2  y,t 

1 

r-.ir, 

141 

2.77 

■l.sl 

■\:sj. 

2.7$ 

4.52 

48fi 

4.fi» 

410 

2.59 

4.')2 

4.08 

4^ 

4.17 

2.S7 

4.:tl 

4.67 

411 

4,ttt 

•J.r.ii 

:!.:if 

■1  t!S 

;!.;»  J 

2.5l> 

•l.uj 

2G4 

3.9G 

4.U 

4.03 

9^1 
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men 
No. 


Boek. 


67^  FchiilHfeine. 
12,  'CIny  hlute. 
•19,   rvn'Xei  ite. 
7^6*  Schi'lsteine. 
78ii*^SeluJfltrine. 

ftSj  SfliJilstrinc. 

2«,*CLiy  slitte. 
34^  Ailinol  tikte. 

I'i*  I.iini'stono, 
■2a*  (  Liy  Hlate. 
'2'J*  LiraestoDe. 
79*  tkhalateioe. 
fix  ,LiiD««hwa 


55* 

V* 


LimeBtoii& 
t«iinMt(Mie. 
Unrble. 
7»»  Bandy  olnte. 
HO*  Pehalateiite. 


73. 

5!., 


Limestone. 

(Ininitf. 


74«  Iciiivshit.'. 
I  ,!(  Wcalli.  ri  il 

87i  Ophkalrite. 


Weiitlit'icd 


I  cliiyslHte. 
'Jg  (itnbito. 

40^  Himach&t 


84. 


Qnuiite. 

OraDite. 
Gmnite. 
Gmiiite, 


76i 
C0»' 


{Limestone. 
Granite. 

Illarl.Io. 

I  clnjfsliUe. 


Loonlity. 


KiDd. 


I'ALiEOZOlC  ROCKS. 

lAwiniii,  Lie.  Sedimentnry. 

^Tiynnnmai.  Aami.  Bed. 

Yiiiiisitlii,  Iw.  ^retii. 

C'hiDa.  S«h1. 

ChioM.  tted. 


Kamnnt.  Ki-i. 
Akusjikii.  Mino. 
.Milium,  Oiuiinui. 

Yuoo-Ok  OmumH. 
.tome,  KaBagftWfi. 


.tied. 


,Sed. 

Bnkoain,  Uihaim.  ,8ed. 
Bikochiti. 
'AlciiHnlcn,  Minix 


AknflAlai,  Mino. 

Ilitnchi. 

iSikiicbiii. 


Afaimlcn,  Miiio. 
Oknzjiki,  Miknwa. 
Nikko,  Tueliigi. 


fled. 
jSed. 

Bed. 
Red. 

Se«l. 
.Sed. 
Sed. 


Emp. 

I 


;Sed. 

AmkRwa,  Cliiohilm.EnifK 

Nog)iiui,  t  liicliihu.  Se«l. 

Miknge,  Hydgo.  Vrap. 
AtHgp.  Kydto.  SmI. 
Fad5-t^e,  nmmki.  HJetn. 


I  ^chodoJima, 

Tanilm. 

iXisbinra,  Jlikawu. 
]Shinikrt« II,  Kyoto. 
Xiirutiiki,  Kyiko. 

.\kaHjika,  Minn. 
Sliirakuwii,  Kyoto. 
iMaiyamii  Ki^i. 
Tanilxi. 

Ynnuiskiro. 


Em  p. 
Ernp. 
Kriiji. 


Km  p. 
Sed.cM««iinMcp.) 

S...1. 


Kioetio  modtilas 
difltifltty. 


of 


a 

_ 

}■:. 

<>1  lUBilM 

vncn. 

Q  fid 

•2.71 

9.26 

8.84 

9.05 

5.78 

•i.Uo 

0.85 

K.87 

8.86 

0.4U 

■J  T*? 
/.It 

M.Ul 

Km 

M.3U 

».4ll 

2.77 

O.S4 

8.11 

R  At 

• 

7.80 

8.06 

5.33 

2.71 

7.82 

7  54 

7.G8 

5.33 

/.8l 

7.5-2 

7.67 

A  1*11 

7.61 

7.47 

7.54 

9  64 

7  fil 

7.45 

7.iO 

533 

2.6S 

7.43 

7.52 

7.4R 

5.31 

2.67 

7.77 

7. 13 

7.45 

5.2S 

2.68 

6!6S 

7.11 

G.89 

5.07 

2.65 

6.75 

6.70 

6.72 

5X14 

2.69 

6.66 

6.(>5 

|-».65 

4JI7 

2.63 

0.^ 

6.62  ,  6.58 

5.01 

2.69 

6.67 

4.91 

•2.G3 

G2K 

r..if 

«.-.'0 

4.86 

2.64 

6.13 

C.05 

6.0i 

4.81 

2.82 

5.77 

6X» 

4.62 

2.69 

5.87 

6.13 

6.00 

472 

2.6.3 

5.92 

6.94 

5-91 

4.73 

2.15 

5.G9 

5.72 

5.70 

5. 15 

2.31 

5.13 

5.93 

6.53 

4.83 

2.R5 

4.91 

5.30 

5.11 

2.(V4 

5.31 

4.7G 

5.04 

4.37 

2.30 

4.97 

4.58 

477 

4.55 

2.51 

4.8S 

4.61 

475 

4.32 

2.24 

4.01 

4.83 

4.72 

4.59 

2.54 

4.25 

4.81 

4.53 

422 

2.57 

4.53 

442 

4.47 

4.17 

2.r,-2 

4.46 

4.4fi 

4.13 

2.fil 

4.53 

4.:«) 

442 

4.11 

2.(52 

J.2S 

4  01 

4.14 

2  la 

i.'M 

4.2(5 

4.U8 

4.0J 

2  72 

3  55 

1.59 1 

4  07 

3.87 

2(12 

4.03t 

3.93 

2.tiH 

34S 

3.89 

3.69 

3  71 

2.39 

3.63 

:i:M 

2.31 

.1.65 

349 

3.57 

3.94 
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I 
I 

Speci- 
No. 


P3t 


Grnnite. 
Qranitf. 
Mnrl.K-. 
Gnmite. 
|Gmnite. 
I 

/  Weiithorcd 
■{  ••InvhliUf. 
'i,,*  ClaysLit.-. 
7ft,  SLit.'. 
V>,.  •  Mi.rl.li-. 
7H,  Sliiti'. 


Ml, 

Micji-siliiHt. 

Limeston*-. 

I  lav  slut  I'. 

Contact  sliite. 

iihl  Onitiif*- 
Gniiiit.- 


Weathered 

tL»VHlHt*-. 

\Ve!itlien'<l 

olnvfiLitc. 

f-  * 

Weiitln-rtil 

cbiynLile. 

42. 


1  <-lnyslat«". 
Or«nit«\ 
Gmoite. 
Mica  H4  liist. 


Kind. 


iNiahiurn.  Miktwu. 
ilitnchi. 

Kitfi^i,  Kitgiiwti. 


VanuiHliin*. 


Krni> 
Ki  up 

Hrtip 
Krup 


Timilm.  S-<l. 
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Andesitfi 
AndeHitf. 

lAnd^site. 
Saccistonf. 


Andesite. 

15^  Aodesite. 
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CAINOZOIC  ROCK. 
Enip. 
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Erup. 
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1I*B«  The  BpecuDBDS  oasiked  with  *  nie  tliain  wliau  «>k«it&»  coortaoto  w«r«  alrt-^uly  tleter- 
niinetl  by  Prof<>«»>r  \\.  N'ltKiiuka.  following  u  strttical  nieth<nl.  aU'1  iKil.li-Jiwl  in 
Tab.  of  tha  E.  L  C.  iu  F.  L.  No.  4  1000 ;  l»lul.  M.ig.  VoL  2.  July.  l.rtJO. 

The  S|Meiinetui  marked  with  t  ok  thorn  whidi  w«n»  fwtfid  to  hnvc  Iwea  hr^tk^n 
in  their  damped  paiiwii  during  tiie  experimontk  «>  that  the  vol  dot  Rtvcn  in  the 
table  «ro  prohnUy  mutv  or  lv»  enoneniH  doe  to  imperfect  clampiog. 


General  Coneluaton, 

Kepresenttug  the  elaBttc  constant  of  roc1c«^  classified  acoor^iug  to 

tlie  age  of  formation,  by  means  of  *'  the  height  fium  a  HxeJ  base  line," 
Fig.  2,  1*1.  II,  we  find  u  distiugiu.slieci  gijuhitiou  as  wo  pass  from  the 
rocks  of  aicliaeaa  age  to  those  of  cainozoic.  Some  of  roceut  age 
niAj,  of  ooturse,  Iiave  greater  modaUui  of  elasticity  thaa  thoii<i  belong- 
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iug  to  older  peiiKl.  As  h  whole,  however,  archaeiui  ixxiks  come  iu 
tbe  first  oi  all,  while  cainoeoic  rocks  come  iu  the  last. 

Id  so  far  as  tlie  present  experiments  go,  the  greatest  and  tbe 
least  of  one  gronp  are  roapeotivelj  gieatosi  fliau  those  of  more  recent 
group  in  twn.  Even  for  a  giTOu  rock,  tbe  modoliis  seem  to  become 
less  for  that  of  recent  formation.  To  talte  an  example,  of  palaeoasoic 
rocks,  tbe  mean  TAlne  for  six  six^eimens  of  selialsteine  and  ionrtoen 
speciiueiis  of  grauite  of  various  locnlities  are 

£'=7.S0v  10' 

Aud  ^=3.60x10"  c.g.s.  unit  reapectively,  while 

for  the  spedroens  of  schiilsteine  and  granite  of  mesosdc  age,  tbe 
modalns  is 

£'=6.47x10" 

and  J?=  3.41x10"  e.g.s.  unit  respectiTelj. 

The  modulus  of  ekstidty  for  a  giTen  rock  may  abo  Tary  irithin 
vide  limits,  as  density  and  other  physical  properties  differ  for  each 

itpecinieu.  For  instuuoe,  iu  the  case  of  grauite,  a  specimeu  from 
Okazaki  iu  Mikawa  Disii-ict  has 

^=5.93  X  10" 

while  tliat  from  Iwase  in  Ibaraki  prefecture  has  only 

1.25x10"  cgA  nnit. 
It  most  not,  however,  be  misunderstood  tliat  the  speeimens  from 
two  different  localities  have  necessarily  different  values.  In  the  ease 
of  sdialsteine,  e.g.,  a  specimen  from  China  has 

A^^S.llxlO" 

while  that  froui  Kainuru  in  Kii  District  has  n  nearly  equal  value 

£•1=8.06x10"  c.g.s.  unit. 
For  engineers,  it  should  [ye  well  i-eraarked  that  any  more  oom- 
paot  spedmeu  which  has  greater  density  bus  not  necessarily  greater 
modalns  of  elasticity.  For  instance,  in  the  case  at  Audesite,  **Hon- 
komatsU'Ishi "  from  Sagami  District  has  its  modulus  ot  elasticity 
thirteen  per  cent  greater  than  Kanehita-Ishi  from  Mutsu  District, 
wUle  tbe  latter  has  its  density  tw^tytwo  peivent  graater  than  the 
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former.  Again,  a  pieoe  of  granite  from  Nisliiuni  iu  Mik:\wa  Dis- 
trict has  its  density  twelve  per  cent  gi-eater  tUan  that  from  Mikage, 
while  tlie  latter  has  its  moduhis  of  elasticity,  ou  the  ooutriiry,  foarty- 
eight  per  cent  greater  than  the  former.  That  a  raatorial  has  greater 
modoliiB  of  elostioitjr  aud  yet  less  density  is  what  makes  it  more 
TalnaUe. 

As  a  general  rnle,  however,  rocks  of  leoent  formatioii  have  less 
raodnliiB  of  elaslioitf  and,  at  the  same  time,  less  density  than  those 

of  old  period-  'Dm  modulus  of  elasticity  of  old  rcxiks  increase  very 
rapidly,  moi-e  rapidly,  indeed,  than  proportional  to,  im  the  density  in- 
creases sluwl}'.  In  Fifi.  3,  PI.  L  the  modulos  of  elasticity  of  15S 
specimens  iH  plotted  against  the  density  of  corrssponding  rocks. 

Velocity  of  propAg»tioa  for  longitudinal  waves,  as  shown  in  tlie 
above  table,  also  increases  with  age  of  formation  of  the  rock  in  re- 
ference. It  may  be  noted  here  that,  in  so  far  as  the  present  esperi* 
ments  go,  tiie  corve  expressing. tlie  relation  between  the  density  and 
the  velocity  is  somewhat  concave  towards  the  jKeitive  poit  of  the 
awa  along  which  tlie  velocity  is  measured. 

JSff'eet  of  Mot8ture» 

The  present  arrangement  being  unsuitable  to  give  desired  moisture 
to  the  specimens,  it  is  only  intended  to  test  whether  the  modnlus  of 
elasticity  is  or  is  not  largely  afibcted  by  the  degree  of  moistare  of 
the  specimen. 

In  the  first  case,  a  specimen  of  sandstone  was  clamped  in  the 
nsnal  way,  and  the  wire  stretched  with  a  known  tensioD.   When  the 

speciineu  was  in  oi  tlinary  dry  state,  it  wiuj  fouud  that  tho  wire  ^  ibrated 
most  violently  wlion  the  half  wave  length  was  HV.39.  Then  the  sinjciiueu 
was  wrapped  with  a  wet  cloth  in  its  clnmped  state  and  fed  with  a 
constant  supply  of  w.aier  drops  daring  foarty-two  honrs  to  get  wet 
throughont.  Now  it  was  found  that  tha  corresponding  half  wave 
length  inoeased  to  about  a  doable,  i.e.  20'.25,  which  indicated  that 
the  roodolns  of  dasticity  decreased  to  about  one-fonrth  <^  its  original 
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\alael  ]Sot  without  some  douht  on  tlie  result,  tlie  aathor  waited  rt 
whole  daj  till  the  spectmea  became  appareutly  dry.  Theu,  the  speci- 
men nearly  retamed  to  its  original  state  of  elasticity,  so  tliat  the 
4»rreBpoDding  half  wave  length  decreased  to  10^.G5.  Heating  the 
«pecimen  by  hot  air  to  drive  all  tlie  moiatnie,  and  then  cooling  it 
into  ordinaiy  tenperatnie^  its  elasticity  inoteaeed  slightly,  the  ooms- 
pondmg  half  wave  length  beoomiug  equal  to  9".89.  After  three  hoars, 
Ihe  Iialf  wave  length  inci^aaed  to  10^.62,  sliowing  that  the  modidns. 
of  elasticity  whs  somewliut  weiikennd.  retumiug  to  its  ordinary 
inoistnre,  Tho  result  of  anch  cyclical  observations  sliows  clearly  that 
the  enormous  diminutiou  of  the  modulus  of  elasticity  by  the  effect  of 
moisture  is  au  actual  fact.  The  dtfiei'eDce  between  the  iuitiol  value 
1(^.39  and  the  final  valne  10°.65  may  be  doe  to  some  variations  of 
•other  conditions, — ^probably  a  little  lelaxatian  of  tlie  clampw  As  the 
first  clamp  is  relaxed,  it  nssnlto  in  the  inoresse  of  the  effective  length 
of  the  specimen.  The  last  difference  corresponds  to  au  increase  of 
iibout  one  mm.  in  the  effective  length.  The  following  result  of 
experiraout  may  servo  to  give  a  rough  notion  relating  to  the  cHect  of 
moisture. 


Boek. 

Kind  aod  Affi. 

Wbea  ft  in  dry. 

When  it  ii  v«t. 

MicatK-lmt. 
8eipentia«. 

I  jjetUmeotaxy, 
(  Mcfloaoioi. 

1  ^Ir-tniDorpllic^ 
I  PlftllMWOiCi 

f  Eruptive, 

Pi-2.m  £»«10.1SX10>« 

f, -2,361  £,n3.173XlO>* 

p,«  2.669  /;j»y.2i 

The  above  table  will  teach  us  at  a  glance  how  an  important  part  on 
the  elastic  nature  ol  the  earthcrust  the  water  plays*  which  may  per- 
meate the  earth's  surface.  To  stndy  more  dosely  tlie  effect  of  ham- 
idity,  and  especially  its  effect  as  combined  with  high  temperatui^,  a 
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Special  arvitugomeut  is  now  in  pveiifcratioii,  nud  I  iiope  to  be  able  to^ 
write  Bome  results  on  the  sabject  in  the  near  Intni'e.* 

Jl6toKot»  between  the  Kinefie  and  the  Static  Modutt. 

Of  lo8  speoimens  givea  in  the  nlxjve  table,  a  giealer  part  have 
their  elastic  constauts  determiued  in  a  statical  way,  hy  either 
Fiof.  £[.  Kagaoka  or  the  author  himself.  Kow  it  is  of  no  small  iu* 
tevest  to  oompare  the  kinetic  and  tlie  static  valoes  tsss  one  and.  tli» 
same  specimen  of  rooks. 


•  The  reraartoiMe  inihieniM  of  moisture  on  th«-  t-Listii-  bt  Uuvinur  <>f  nx'k-.  wlii<  b 
HT*-  not  c;»-npr;illy  rl.-.  ply  emlie^Vled  in  the  eiirtli'^  rrntf.  offers  nn  int<  i( -.t ini^  iiii)iury 
into  some  ot  tiie  Icxnl  Khocks  u£  ettrtli<|Uiike!>.   With  the  pri'vniHng  miny  wenther,  there 
rosdbility  of  tlw  saTfiice  raclw  twiofc  •otlktA  with  vnter.  Witii  decreniiKl  eJnrtic  con- 

Htants  and  i)rob«bly  with  decrenw*!  tt-uaeity.  the  upjifr  laver  of  the  «ajtli'ii  cnWt  will  Ix 
Huliject  to  iucreti-'Cil  striitTi  'Miis  f\iil('titl>  will  li.'»vr  n  t*'Ti(!fjit'y  to  ciinHc  inj'tnre.  uml 
give  rise  to  feeble  local  shocks  or  treinotr*.    1  he  effect  will  W  more  felt  iu  reginns  where 

tiw  «tKsH  distribatioa  ia  not  nnifimii  Mid  tbe  tmrftkce  dtabOity  imeoare.  It  trill  be  of 
no  smHll  iatevmt  if  snrli  feeble  keol  sborbi  nro  tn  !»•  tmceA  niter  n  lor^  fniccMnon  of 
niiny  ilavN. 

According  to  the  iuvestigutioUtt  of  Mr.  ^^.■lkilmllr.l  nnd  Mr.  Houdji,  the  le>el  of  uoder- 
groand  water  in  affected  bgr  fhe  buoiBetTic  preHsure  in  n  most  striking  nwnner.  It* 

Buteldence  and  upbeavnl  will  to  SDloe  extent  contribute  tt>  the  vdiintion  in  the  elastiO' 
deformation  of  the  stirfnco  layen*,  dnc  t<i  the  <mils«^  alx)ve  alUuled  tt».  It  is  however 
questionable  if  the  vurintion  of  thi:'  elastic  niJiluli  iltie  to  moUture  arising  ftv>iu  thU 
obaoge  mnkes  itself  frtt  o*  tremotH  or  fi>«>bl»  Ix'al  mIkipIcr.  H.  NaigMikfl. 
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Here  a  short  reniArk  may  be  added  relating  to  a  nevr  system  of 
co-ordinates  Bp^^cially  tilted  f«»r  i>eiiiiiiago  lepicibeululiuii.  Take  a 
riglit-nngled  isosceles,  triangle  .l/JC  with  its  vertex  C  below  the  hori- 
zoutal  base  AB,  Divide  the  base  AD  and  one  side  DC  into  oi^e  hnud- 
red  eqiml  segments,  and  also  in  Uie  prodnced  part  DD  mark  off  any 
nomber  ol  segments  eqnal  to  one  of  the  last  Join  the  Tertn  A  with 
•eaoh  of  the  points  of  Mion  on  the  sida  BC  and  its  prodnced  part  BD. 

Let  tt  and  |3  be  the  eorresponding  valnes  of  any  physicsl  qnanf  ity 
in  two  dilfeient  eonditlons  fC  and  0.  From  A  as  origin,  measnre  a 
length  equal  to  a  on  the  side  AC  or  its  produced  part,  then  from 
the  end  point  ineasui-e  agaiu  a  loiif^th  eqnal  to  in  the  directiou 
parallel  to  the  other  side  CB.  11  the  last  point  ialls  on  the  base 
AB,  tlie  ph^'sical  qnautity  is  invariable  in  the  two  conditions.  It 
the  pointy  on  the  other  liand,  faUs  on  the  a"*  o£  (ha  previoosly  drawn 
lines,  nnmbered  from  the  b:k80  AB  xthusb  may  be  called  •*  eqaiTalsnt 
line/'  then  the  physical  qnuitity  is  increased  or  decreased  n  percent 
whila  the  conditions  varies  from  K  to  8,  according  iia  the  line  is 
above  or  below  the  equtvatent  line. 

In  this  new  system  of  co-ordinates,  the  radius  voct  r  and 
l)er(<^nt:>^H  may  Ik;  'considered  as  two  iiulependent  variables.  This 
system  of  co-ordinates  somewhat  rt^sembles  the  poUr  co-ordinates,  bat 
one  variable  "  percentage  "  is  not  proportional  to  an  angle  measured 
from  any  fixed  line.  If  a  point  p  n)  is  given,  then  describe  a 
rightangled  isooeles  triangle  afb,  with  the  given  pcnnt  as  vertex  and 
its  base  ah  coinciding  irith  the  equivalent  line  AB.  The  two  segments 
Aa  and  Ab  represents  the  corresponding  values  in  two  different  con- 
ditions referred,  in  a  nnit  multiplietl  by  i/T- 

111  Fig.  4,  the  modulus  of  elasticity  is  re presentetl  in  this  co- 
ortlinute  system,  its  static  and  kinetic  values  corresponding  to  «  and 
^  of  the  above  iilostration  respectively.  It  will  be  seen,  at  a  glance, 
that  when  the  radius  vector  is  relatively  small,  almost  every  point 
lies  on  the  positive  side,  while  a  greater  part  at  those  for  which  the 
radins  vector  is  somewhat  greater  lies  on  the  negative  side.  GeneraU 
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ij  speakiog,  I'u  so  far  as  tbe  present  experiment  goes,  tlie  penjentage 
iB  enonnoiisly  gxeet  for  Boaall  ncliiw  vector,  but  it  diminislieH  as  tlie 
radios  veotor  increases  and  nltimatelj  it  becomes  nsgatire.  That  the 

percentage  diiuiuisbes  as  tlie  radius  rector  iucraases  ig  a  matter  oF 
coni'Be,  in  s"  f.ir  as  the  phenomenon  (jf  yielding  is  the  principnl  canso 
\rhieh  make  the  two  values  dilVeieut  from  each  other.  The  uegative 
Talae,  Iiowerer,  can  ucver  l>e  expected  unless  some  other  cause  or 
cansee  there  exist  beside  tiie  plienomenon  of  yielding. 

Examining  more  closely,  ive  see  that  tlie  peroentage  rnpidly 
dimintthes  aed  becomes  even  negative  especially  for  those  rooks 
which  have  distinct  sedimentation  planes  as  sehista  and  slates.  In 
schistoee  rocks,  the  percentage  is  geiiernlly  negative,  a«  lliey  have 
large  modulus  ul  elasticity  and,  ;U  tin  .saiue  time,  distinct  sediiueuti- 
tion  plaues.  Eruptive  i"oc"k  of  any  nge,  bo  it  caiuozoic  or  archtceu, 
luis  positive  peroentage.  Of  sedimeutmy  rocks,  those  whose  modolos 
of  elasticity  are  comparatively  small  have  also  pceittvo  percentage, 
boA  some  of  them  having  large  modnlns  of  elasticity  may  have  nega- 
tive peroentage.  The  following  table  will  show  the  fact  more  oleavly : — 


Kinil. 

Totiil  utimlirr 

M(  iin  value  of 
tU«ir  peioentHgB. 

5Toan  vJilni"  t>f 
th<?ir  modnlns  of 

Sediiuetitasy. 

e 

+m 

].57XI0««  feg-fi. 

Ton. 

SediineDtAiy. 

7 

+'23 

1.92 

AndeHite. 

ErnptiT^. 

13 

QfttDite. 

EnqitiT«. 

-m 

S.U 

Blate. 

BetidoHte  iind 

Hpq»entine. 

Sedimentary. 

Metuinorx)hie. 

17 

t; 

10 

+  4 
-lU 

CAS 

r..'2i> 

Here  it  juust  be  noted  that  I  do  not  mean  tn  suv  that  the  per- 
centaugi^  wnnld  be  always  uegntive  for  any  «>ld  rock  h.iving  distinct 
sedimeutatiou  planes.  With  ail  probability,  it  would  be  true  tliat  the 
percentage  diminishes  as  tlie  radius  vector  increases;  becoming  negative. 
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ho\iever,  may  be  dne  to  some  other  causes.  Tlie  two  series  of  observa- 
tious  iij.ve  Ijeen  made  wiiii  widely  different  surrouudiug  coiulitioii'4. 
The  effect  of  humidity  and  temperature,  for  iustauce,  ib  never  uegli- 
gible,  as  some  of  ol  )ser  vat  ions  were  conducted  during  wet  and  hot 
seasons  wliile  the  other  duriug  dry  odd  sesson. 

Any  complete  discnasion  of  tlie  relation  between  the  static  nud 
the  kinetle  values  mubt  be  postpoued,  at  least,  until  the  effect  of 
lem^eratnre  and  humidity  on  the  elastic  constants  are  dearly  in** 
Testlgated.  The  nnmericnl  Tslnes  giren  above  ns  modulus  of  elasticity 
of  several  loeks,  jih  wfII  ns  those  given  in  other  works,  unless  t]je 
corrections  duo  to  tenijirratnie  aud  iiuinidity  Avere  taken  iuto  account 
serye  for  nothing  moi-e  than  to  give  a  rough  estimati(ni — ^too  rough 
to  compare  the  results  of  any  two  series  of  (observations. 

The  only  oonelnsion  to  be  prqperly  given  is  that  the  resnlt  of 
esperimonts  lioa  only  buong^t  him,  who  tbot^ht  it  at  first  sight  to  be 
a  quarry  of  restarch  that  would  soon  suffer  exhaustion^  to  the  thresh- 
hold  of  new  labyrinths,  where  he  may  find  innumerable  patlis  to 
proceed  further.  Tlie  wliole  series  of  obeeiTations  Ijitherto  made  is, 
indeed,  but  a  begiuning  iu  this  field  of  inquiry,  and  for  lU  ilje  trouble 
and  labour  expended  to  obtain  but  a  poor  result,  the  autlior  is  consoled 
with  tlie  sayii^  of  Boyle,  "  nicu  being  oftentimes  obliged  to 
Sttflier  as  much  wet  and  cold  and  diva  as  deep  to  fetch  up  sponges 
as  to  fetch  up  pearis." 

In  conclusion,  I  wish  to  express  my  great  indebtedness  to  Dr* 
Fuknchi,  Lecturer  in  Geological  Institute,  for  valuable  informations 
concerning  the  geological  characters  of  the  specimens.  My  best  thanks 
are  duo  to  Professor  H.  Nagaoku  under  whoso  kind  guidance  I  carried 
out  this  experiment. 

HASca  1906. 

PsnicAi.  IiABaiurrost,  Culleub  of  Scosh  e, 
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On  the  Qeyser  in  AtamL 

BY 

K.  II(>NI> A  niHl  T.  Ti:i{ ADA. 
Le*:turera  of  Physics,  Ti*kyo  Imperial  Univefsity* 

WittL  Plates  I-XII 


X.  INTRODUCTION. 

Tlio  iTeiiiJukaMo  fnatnre  of  tlip  i^nii die  oni]iti<.7is  of  gersore  Ims 
attractrcl  the  attention  of  man}*  olisei  veis.  Mackenzie,"  wlio  travelled 
in  Iceland  in  1811  and  observed  the  Grenfc  Geyser,  first  tried  to  explain 
the  phenomenon;  but  Lis  tlieory  proved  nneatisfuctory.  Bunsen,'^ 
iraTelling  on  the  same  island  in  1847,  made  obsterrationB  on  tlie  Great 
Geyser,  and  explained  the  plienomenou  bj  liis  -irell-lcnown  tlieory  of 
tlie  vertical  pipe.  According  to  him,  the  origin  of  the  eruption  lies 
in  the  lower  part  of  tlie  vertical  ppe  which  does  not  exceed  20m  in 
the  case  of  this  geyser.  Miiller^^  consfnicted  a  model  after  Banseu 
aud  sliowe<l  tliat  it  \v()i]<s  p'  liotlically,  if  two  portions  of  the  vertical 
pipe  be  heated.  His  tJict  i  y,  liowever,  is  not  free  from  objc^ctiotis. 
Contrary  to  tLo  Ijunseu's  ^  i('^v,  O.  I^ng*^  considered  the  seat  of  the 
entption  to  lie  at  a  great  depth  in  a  cannl  connected  with  the  vertical 
one,  the  water  in  which  acts  as  a  valve  for  tlie  endoBed  vaponr. 
Models  given  by  Jnlins  Ziegler*  and  by  G.  Wiedemann*'  explain  the 

1)   Mackenzie,  T^Tels  ia  Iceland.  1811. 

S)  Bnnaeii,  **fliyBik»]iBGhe  BeobecbtuDgea  Hber  die  bnaptsircbliehatan  Q^jratr, 
Islands,"  GehIpn5Phr^ilv  ili-rT>r=;  W"rt.  Tbn,1i  (^to  Anflago).  LXXIl ;  Togg.  Ann..  72,  1817. 

3)  Miillor,  LohrbucJi  tier  Kt*»uii!*clien  i'hysik,  Brauoitcbweig,  1894,  S.  619. 

4)  O.  Lang.  •'  Uelwr  die  Bwlingungen  der  Geyfdr,"  GOttinger  G«lellrtie&  Hadlridl- 
tcn«  8. 

5)  Ziogler,  VarfaSje  des  phyi.  YcfefnB  in  .FiMikftut  a.  M.,  1873.  demonstrated  by 

Dr.  XippoWt. 

6)  O.  Wieilemiinn,  "Uebst  «in«n  Apiianit  nr  IXustelliuQg  dor  Etwiicinimgen  dre 
G«7sir,'*  Ann.  dsr  Fbyii.  n.  Cbmrn,  (2X  13. 
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pbenomenou  o£  tlie  geyser  from  similar  poiuts  of  view.  The  modele 
constefc  ol  a  vertical  pipe  niid  iv  large  cavity  cotttaiaing  hot  water  and 
connected  to  a  water  tank  placed  at  a  snilaUIe  lieiglit  The  oonataut 
heating  of  the  cavity  prodaoes  periodic  emptiona  of  water  and  ateam. 

3Icidel8  constructed  by  J.  Petersen,  A.  Audieae  and  others*'  do  not 
(lilFtir  much  iu  principle  from  those  just  referred  to.  'Iho  (jxjiorimenial 
uivtistigatious  hy  Andreae^^  and  E.  Ebert-^  hiiew  that  by  proper  ruod- 
ifioritiou  o£  different  parts  of  the  models,  the  several  types  of  eruptions 
observed  in  natural  geysers  can  easily  be  imitated ;  bat  the  latter 
remitrks  that  it  seems  difficult  to  explain  by  such  a  simple  theory  all 
the  diversitisB  of  the  manner  of  emptious  oh^rved  iu  namerons 
geysers  iu  Iceland,  North  America  and  Kew  Zealand. 

In  Japan,  we  have  two  gey  sers,  one  at  Atami  and  another  at 
OuikObo,  the  force  of  eruption  of  the  latter  being  very  weak.  Twenty 
yeai's  ago,  wo  had  another  one  iu  Nol)oribetsu  in  Hokkaido,  the 
eruption  of  which  is  said  to  Ijave  recurred  a  few  times  per  Ijour, 
projecting  hot  water  a  few  meters  above  the  ground.  At  present,  it 
has  completely  lost  its  periodical  character. 

The  geyser  of  Atami  is  situated  on  the  eastern  slope  of  tbe  const 
moimtain  range  of  Lsu.  Its  orifice  is  about  1  km  distant  from  the  sea 
shore  and  about  22  m  above  the  sea  level.  Differing  from  other 
geysers,  tlie  gejser  of  Atami  is  cbaracterized  by  the  rftgnlarity  of  its 
emjititjn,  which  consists  ui  aUeuiaUi  projeclions  uf  licit  u.iti  r  uud  ;itLa,m, 
UHtinlly  ftvo  times  in  succesaiou.  Tlie  orifice,  which  oiiginuliy  opened 
vertically  upwai'd,  has  been  covered  b}'  a  Iu  ap  of  stones  to  prevent 
the  dangers  caused  by  the  eruption,  and  directed  horizontally,  so  that 

1)  J.  P>  terscn,  "  DarutelluuK  (U-r  c•e^^i:ir  Ezfldieimuifleia,''  Keues  Jahibuch  fiiT  Min- 

eruk^i* .  <  ior>!ogie  u.  rulnoontol'^us  1879,  2. 

A.  Andrcuo.  "  UtiWr  ciuca  kiju»llicLie  Xiicbbilduog  der  Gej'sir-pLuDomeiu?,"  ibid, 
1899.  2. 

E.  Antolik,  Zeitscbrift  f.  d,  jjliys.  ii.  clieni.  Uutcrrii  ht,  18Ji)-Dl. 
A  model  given  hy  A,  O.  Mxmbjr,  Natuie^  LXV,  p.  217,  is  o£  a  Mmewliat  di£fez«iit 
fiinciple. 

2}  A.  Andieae,  ke,  cit 

3)  B.  Ebert,  "  Vonoefa  ntit  dam  G.  WicdemanDSdieft  Geymi^Appniat,"  Ann.  d  Fliya. 
u.  Chem.  (2).  LXUL 
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the  Avater  projected  <l(jes  ii<»t  r*'t«m  to  llie  raoutli,  as  it  does  in  mauj 
cihet  geysers.  At  present,  tlin  e  orifices  (A,  a,  a',  PI.  I)  are  exposed, 
jiroong  wliioh  tbe  one  (A)  is  to  be  distiognished  as  the  prinoipai  opening. 
There  is  besides,  another  montli,  Mddsn  nndeiground.  The  water 
projected  by  these  orifices  is  distributed  to  nnmexuns  bath-houses  by 
a  system  of  oondaits. 

According  to  the  result  of  the  analysis  b^'  Dr.  Mnrtin  in  1874 
uLid  1  V  ]):.  Tiiwavai  in  1883,  the  ii.innul  constituents  of  the  water  of 
tlic  ^I'viMt';  in  1   !itn>  ;ir.^        folliAVs;  — 


Mineral  cuubtitueiitti 

Martin 

J  nwnra 

Solid  resldiials 

10.0104  gr. 

9.235  gr. 

•Stxlium  chloride 

3.70 

5.400 

Potiissium  chloride 

1.81 

0  354 

Cklcium  chloride 

1.7G7 

2.893 

Magnesinm  chloride 

2.333 

0.014O 

Catciura  sulphate 

0.193 

0.1313 

Ferrons  bicarbonate 

0.0031 

0.002 

Calcimn  bicarbonate 

0.0042 

trace 

Silica 

0.110 

0.5240 

lUuugauese  chloride 

trace 

trace 

Sodium  bromide 

«> 

tf 

rottissiam  bromide 

»» 

>• 

Tlie  water  is  of  a  stronf*  saline  taste,  containing  abont  i  percent 
of  sodium  chloride,  that  is,  about  one  ilftU  of  thai  contained  iu  sea 
water. 


Tlie  ordinary  ernpiioti  ocunw  nsnaliy  five  times  in  a  day  and 
night.  l>tiring  tlie  timn  of  repfjee,  we  see  only  a  stnall  qnantity  of 
steam  rising  from  tiie  mouth.  As  the  time  of  the  eruption  approaches, 
a  rnmbling  sound  is  heard  underneath.  Boiling  watei-  appears  just 
inside  tho  month.  It  soon  retirrs  nnd  ngain  appears.  'Ihh  state  is 
continued  for  al).  ut  tluee  qnarter-i  of  an  hour.    Next  a  small  quantity 
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of  hot  wftter  flows  out  iuiermittentlj.    This  is  followed  by  an  in- 

teimittout  stream  of  iriodoralu  (juatitity  witli  u  longor  ijeiitxl.  Tlif? 
activity  soon  uttaius  iU  inaNiinuiio.  A  tuiicnt  ol'  liot  water  gradmiUy 
iucreasing  in  force,  is  torn  iuto  a  violent  splash  and  projecte<l  with 
greot  velociij  by  tlie  steam,  which  gradaally  increases  with  the 
diroinishiDg  water.  Whea  the  rotuiog  aoond  of  the  steam  reaches  its 
maximam,  the  wfiter  Almost  disappeaxs.  The  steam  now  diminishes 
aud  is  soon  followed  by  a  second  gush  of  water.  When  tliese  dis^ 
charges  of  the  water  and  steam  have  been  repeated  five  or  six  times, 
activity  oids  with  the  last  discliarge  of  steam,  which  gradually 
subsides  iuto  an  amount  as  iiiconsiderable  as  at  the  beginning.  It 
takes  abovo  two  l»<jurs  fi-om  tho  beginning  to  tlio  last  stage  of  the 
eruption.  The  time  of  repose  is  a  little  less  than  three  hours  on  the 
average.  These  regular  recurrences  Bxe  often  iaterrupted  by  an 
abnormal  outburst  called  naQatoakif  at  which  the  water  and  the  steam 
come  out  incessantly  for  above  twelve  hours,  after  which  as  a  rule  a 
kmg  repcae  follows.  In  years  most  noticeable  for  this  anomaly,  it 
has  occurred  almost  monthly,  whereas  in  the  last  few  years  only  two 
or  three  times. 

IL   AURANGEMENTS  FOR  OBSEUVATIONi). 

To  maike  detfuled  observatioiis  of  the  general  manner  of  eruptions, 
tlie  following  arrangements  were  used. 
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A  pendalum  was  made  of  a  brass  rodj  at  tLe  lower  end  of  wbicli 
a  Jend  ball  was  fixed  (3  om  in  diameter),  and  vertieally  suspended 
by  a  sliort  hodsonial  axis  fixed  io  the  rod  and  pivoted  to  a  catdi  at 
tbe  end  of  a  large  iraoden  beam  laid  borisontaUy  over  the  principal 
orifice.  Ihe  i)cudulum  hung  nenrlj  Tertically,  the  lend  ball  faciug 
closely  to  the  uKnitli.  To  the  upper  eiid  of  the  rod  Wiuj  attaclied  a 
string,  wliich  passed  horizontally  to  a  pulley  of  the  recording  iu- 
Biromeiit.  The  string  after  pasaiog  over  tbe  puUey  was  attached  to 
a  suitable  weight,  'ibe  whole  system  was  so  adjusted  that  tbe  peiid« 
nlnm  hang  verticallj  nncler  tbe  balancing  action  of'its  own  weight  and 
the  tension  of  the  string  going  to  the  riecorder.  When  the  emption 
begins,  the  pendnlum  ia  deflected  by  the  pressure  of  the  water  and 
steam.  Hie  vertical  part  of  the  string  below  the  pulley  conveys  a 
pen,  which  is  guided  as  iu  tli(!  Hinuiruetei'^''  used  by  cue  of  us  for 
recording  the  level  ch!mp;e  of  aitcsian  uclls.  Tlie  motion  of  the  pen 
is  recorded  on  a  cylinder  rotating  about  a  vertical  axis.  Fioui  iba 
records  obtained^  we  can  easily  distiugaiali  tbe  w.aler  and  steaiu* 
presenre  from  each  other.  Tbe  part  of  the  recoi-d  represeuting  tbe 
water  pneasurb  is  mncb  disturbed  by  zigzags. 

Since  it  was*  however,  desirable  to  record  tlte  water  and  the  steam 
separately,  the  pendnlnm  was  tramferred  to  a  place  in  front  of  the 
orifice,  whyro  ail  the  wutor  ejected  tiows  through  a  nanuw  caual  to 
a  tank.  Tho  wIujIo  syalom  was  shii  uled  off  from  the  impulsive  aclioii 
ol  the  splash  and  tbe  steam  by  a  screen  of  wocdeu  planks.  Tbe 
records  thus  obtained  were  completely  free  from  steam  pi'easute. 

To  recoid  tbe  pvessnre  of  tbe  steam  only,  was  a  matter  of 
oonsideri^ble  diflficalty.  Just  before  tlie  orifice,  tho  steam  pressure 
was  tolerably  strong;  bn^  there,  it  was  impossible  io  separate  tbe 
steam  pressure  from  tliat  of  the  water.  Where  the  ball  of  the  pend> 
alum  did  not  receive  any  pre.siiurtj  from  the  splash  of  the  water,  tlie 
steam  pi-essure  was  nut  strong  enough  to  cauhe  any  scusiblu  deliec- 
tiou  of  tlie  peuduluni,  so  tbnt  tho  arraugeuieut  failed  to  give  auy 
1)  K.  Bbuda,  PultUcntiMiB  oC  tlie  Imp.  Eiirtbq.  Inv.  Comm.,  Ka  1^  p.  73. 
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SAtisfaotory  result.  The  aspiration  method  wiw  also  tried,  but  it 
failed  to  produco  seusible  diminatioti  of  tke  pieasnn*  iu  car  leoording 
appamtofl.  We,  at  last,  adopted  tlie  foUovmg  arraugemeiit,  wLieli 
was  easetitially  notbiug  more  than  an  air-Uiennqgnkpk  A  bolloir 
cylinder  or  a  bolb  of  ircm  sheet  (nuliaa=2ciD,  length =9  cm)  was 
introdnced  into  a  aide  orifice  (a),  where  ti  e  wnter  flows  out  slowly,  and 
whero  it  vvjui  |K>ii.sibU»  to  find  ii  pt  sitioi:  huch  tlmt  ihe  bulb  was  ex- 
posed to  tlie  lieatiug  nctii>iis  of  tlio  stenm  only.  To  avoid  too  rapid 
expansion  and  coutractiou  of  tlio  endcsed  air,  the  bulb  was  covered 
with  two  layers  ol  cloth.  Since  this  oiifioe  is  a  small  branch  o£  the 
principal  orifice,  and  the  manner  of  the  eraption  qnite  similar  lor 
both  montlis,  tlie  aide  orifice  may  be  considered  as  representing  the 
mode  of  ernptiofn  in.  the  principal  one  on  a  reduced  scale.  The  bidb 
was  connected  by  a  fine  copper  capillary  tube  (diameter  — 2  mm.)  to  one 
of  tl:o  iiims  of  an  U-tube  coutaiiiin;^  narcury.  In  another  arm  of 
the  tube,  a  tioat  csirrying  a  light  vertical  pen-holder  was  introdnced. 
Tlie  motion  of  the  float  caused  by  the  expansion  and  ccntr  ictiuu  of 
the  air  inside  the  bnlb,  was  recorded  on  a  verlical  dram  by  the  pen, 
gaided  as  in  the  case  of  the  linmimeter. 

FofT  the  staUstical  inTestigatioiw,  a  simple  appjiratns  whidi  might 
continnoasly  record  the  exact  time  of  eraption  and  also,  if  possible, 
the  general  manner  of  each  eruption  was  desirable.  For  this  purpose, 
a  mercury  tide  gauge  constructed  aft*  i  Mr.  S.  Nakamuia's  doaign'^ 
erved  very  well.  The  lead  pipD  oi  the  iuitruiueut  was  iusorted  in 
the  neck  of  the  geyser.  At  the  beginning  of  activify,  tlie  instrument 
records  the  periodic  level-change  of  the  head  oi  water  inside  the 
orifice.  When  the  Telocity  of  the  water  increases,  it  records  the 
kinetic  piessore  of  the  ejected  water.  The  steam  pfeasnre  does  not 
display  itself  on  the  records.  The  instrameul  has  been  working 
satisfactorily  since  the  end  of  March,  1904. 

For  the  dotermin  ilic  n  of  the  temperature,  u  maximum  thermometer 
which  was  gi-aduated  up  to  I50°C,  was  used. 

1)  8.  KHkuntua,  Tioc.  of  Tdky6  Math^Phyii.  »oc,  VoL  ],  p.  123. 
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iii.    i;L6LLTS  OF  Oli^ERVAilONS. 
1.  Ordinary  Mruption, 

a)    Flow  of  water  and  steam.    Fuj.  1, 

To  record  the  iuilial  stng^  of  eruj  tion,  the  leml  ImiII  of  tlie 
pendulum  was  lowered  as  near  as  possible  to  thu  Ixid  of  tho  cuual  just 
outside  the  mouth,  and  the  small  initial  qnantity  of  wutcr  wns  compelled 
to  flow  entirely  tlirongli  a  narrow  apertoie  cat  in  the  edge  of  a  wooden 
boaid  fiaced  to  the  Ijed  dose  to  ilie  moatb.  The  ball  hong  just  outside 
the  aperture. 

Befeiring  to  Fig.  1,   we  Bee  that  tliere  exiat  three  distinot 

series  of  intermitteuces.  The  first  scries  which  appears  as  an  in- 
troduction to  the  disphiy,  consists  of  a  small  quantity  of  water  with 
nw  average  period  u£  1''  iO*.  After  lliis  iutermitteuee  has  bt.'(Mi  repeated 
a  score  of  times,  the  secoud  series  fuUows.  A  moderate  quantity  of 
water  comes  out  three  or  fonr  times  with  a  mean  interval  of  6 
minutes,  llid  water  incraaaas  in  qnantity  and  force,  till  at  laat  the 
third  or  principal  aenea  aets  in.  On  the  first  outburst  of  tiie  third 
series,  we  see  always  the  superposition  of  the  last  one  of  the  second 
series.  The  third  series  is  to  he  distiuguLshed  from  the  preTious 
series  by  both  its  violence  and  the  quantity  of  the  water  aud  steam 
j)ut  out.  Tesidi  s,  the  roaring  sound  <  f  the  steam  is  a  remarkable 
characteristic  of  this  series.  Tiio  sequence  of  the  water  and  steam 
occurs  with  a  moan  period  of  about  11  minutes,  aud  is  repeated 
usually  five  or  six  times,  not  rarely  foar  or  seTsn  times. 

The  pendulum  was  actuated  by  the  impulaiTO  foroe  of  the  water 
and  steam;  the  diagram  shows  a  greatest  excursion  somewhat  later 
than  the  actual  maximum  of  the  water.  In  thui  stage,  the  vehxnty 
of  the  stcAm  is  gradnally  inereasing.  When  the  water  demases  to 
au  iuconsiderab'e  spray  and  tl.o  steam  predominates,  tlie  p^nduium 
draws  back.  Tlie  disappearance  of  zigzagis  in  the  curve  shows  the 
prevalence  of  the  steam, 
h)   Flow  </  tcaier  only.   Figi,  2  and  3, 
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Tlie  records  nre  gcuemllj  flimilar  to  those  given  in  Fig.  1,  except 
iLat  in  this  cane,  tho  impnlairo  prGSBtiTd  of  the  stmm  and  spLinh  Is 
alnsost  entirely  eliminated.  In  fliese  dingrnros.  nre  also  eee  the  sa- 
perpo^tion  of  the  second  series  nt  tlie  begiuuiug  of  the  tliitd  one.  It 
irill  be  nliaerved  that  tlie  last  one  of  the  thitd  series  is  often  dis- 
tiii^'uishod  by  the  smnll  qimiatitv  mid  tlio  weak  force  of  Uio  water. 

r)    Flow  ']f  xicrnn  onhj.    Fir/s.  4  rcul  o. 

In  those  (liaf^rnms,  iho  zero  line  falls  nbniptly  as  soon  :is  tlio 
cloth  of  tiie  ball  I  is  wot  tod  by  the  condensed  Kteatn  ;  tlii»  is  due  to 
the  cooling  ctosicd  by  the  ernporation.  The  ordinate  of  the  carve 
mnj  lie  coi'.sideivd  as  indicating  in  some  mensnre  the  Telocity  of  the 
steam  nt  nny  instant  and  honce  the  area  enclosed  by  this  cnrTS  nnil 
the  zero  line  is  a  rongli  mensnre  of  the  qmntity  of  the  steam  oxpollod. 
In  snbseqiient  experiments,  it  wns  fonr.d  bpttor  to  twice  the  envelope 
oflf  tlio  bull),  Avliereby  the  falling;  of  tlie  zero  litio  is  avoiflo'l. 

AVlion  two  c(;rreppon(liuj^  din|»rnms.  Figs  2  nud  4,  or  'S  and  o  are 
placed  ooe  upon  another  so  as  to  bring  their  abscissae  into  coincidence, 
the  ivcnrrence  of  the  alternnte  ejections  of  the  water  and  steam  can 
clearly  be  seen. 

d)  Lerd'diange  dur'fig  the  time  repose.  Fig*.  0  and  7. 
Tlio  end  of  t]ie  lead  pipe  of  the  tide'gnnge  iras  inseiied  in  the 
neck  of  tho  gi^jser  as  deep  as  possible.  It  wss  estimated  that  the 
end  was  only  a  half  melor  Ix'low  tho  moutli.  Since  the  nock  is  crooked 
in  a  very  iiie^ular  manner,  further  attempt  to  insert  tlie  tube  doo|>er 
than  this  failed.  The  record  was  continuously  taken  from  tho  end  of 
one  ernpiion  to  tbe  bejrinning  of  the  next  one. 

The  diagram  obtained  reveals  to  ns  a  remarkable  fact  that  M-ithin 
abont  40  to  60  minntes  after  tlio  end  of  an  emption,  the  head  of  hot 
water  apjiears  within  a  half  meter  below  the  montb.  Tlie  bead  seems 
to  oscillate  about  its  position  of  equilibrium  for  abcnt  one  and  a  balf 
to  two  honi8»  till  the  next  activity  begins.  Tlits  interval  may  ha 
ciiisidLred  ns  tlso  time  of  proparation  for  the  next  eruption. 

c)    Time  'J  occuriencc.    Fiy^.  8,  fJ  and  10, 
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The  end  of  the  lend  pipe  yw  drawu  up  to  just  inside  the  mouih* 
The  clockwork  gtvee  oae  reTolntion  ererjr  %i  homs.  The  records  have 
been  tnken  oantiniioiiiily  fiom.  April,  1904.  up  to  the  piesent.  From 
the  statistical  inveatig^tion  of  these  records,  we  may  infer  the  follow- 
ing facts: — 

i)  From  April,  1904,  to  ■Uua;li.  1905,  the  mean  period  of  tlin  eiuptioii 
was  very  uenrly  24/5  lioui-s,  lu  1905,  tliere  occunetl  an  iil)iiormnl 
decrenso  of  the  nciivity  of  the  geyser  nud  since  August  of  the  same 
year,  the  nctivity  1ms  decreased  to  nbont  four  times  per  day. 

ii)  If  tJie  tiraes  of  ooeorrBncGs  l>e  plotted  on  a  duigraoi,  the  suc- 
cessive days  as  absoissaie  and  the  honrs  of  tite  day  as  ordinates,  we 
obtain  a  set  of  five  pdnts  per  day.  Connecting  corresponding  points* 
five  broken  lines  are  formed.  TJiese  lines  show  a  striking  pnralleltfim 
with  the  Inverted  cnrvo  representing  the  varintion  of  the  mean  at- 
tnospberic  presBuvo  for  siiCLOssive  days.  The  high  pressure  coiTesiionds 
almost  witliout  exception  to  the  short  period  and  the  low  pressure  to 
the  long  period. 

iii)  The  snm  of  the  dniiy  intermittenoe  of  water  and  steam  given 
oat,  taken  for  the  five  dniiy  entptions,  is  generally  abundant  on  the 
days  in  which  low  presmre  prevails.  Tlie  emptions  in  which  the 
alternations  of  water  and  steam  occur  mors  than  eight  times,  fall  in 
nsnally  with  approaching  low  pressure. 

/)    Tem^yeratarv,  of  the  hot  wafer  diirhuj  eynplioiift. 

A  Trsnxinuiin  thermometer  wns  iilacnl  about  1.5  tn  inside  the  oritit.o 
and  tlie  temperature  has  been  read  tlaily  during  about  a  ])alf  year. 
It  wn3  fonnd  that  the  temiicrature  at  this  depth  is  almost  invariably 
108*'-104'*C.  At  tlie  orifice,  however,  it  was  abcmt  lOO^C,  indicatutg  a 
rapid  cooling  of  the  hot  waler.  It  may,  therefore,  easily  be  oonjectnred 
how  hot  tlie  nndergronnd  water  xronld  be  at  a  depth  of  some  ten  meters. 
g)    Veioeilies  (f  lie  water  and  titt  steam. 

To  determine  the  velocities  of  the  water  and  the  steam,  the  pend- 
ulum anaiigi^meiit  was  modillcd  in  th">  fcllt  wiug  way.  The  pendulum 
bob  was  replaced  by  a  larger  bmss  one  D,  and  the  center  of  mass  of  the 
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pendulaitt  was  bionglift  to  the  axis  of  rotation  P  by  using  a  cotm- 
terweigbt  G,  as  shown  in  the  annesed  fignre.  From  the  upper  paai 
o(  the  pendntam  rod,  two  strings  were  stretched  in  opporite  direotion^ 

one  which  passed  to  the  record- 
ing apparutns,  while  another  one 
^  wtts  stretched  by  a  spring  s  fixed 


to  u  rigid  support.  I  he  weight 
of  the  recording  apparatus  was  so 
iidjusted  that  the  rod  houg  ver* 
tioallj,  when  it  was  aeted  upon 
by  no  pressure.  WIten  the  pend- 
alum  was  set  to  work  in  a  proper 
stage  of  an  emption,  the  piessnre 
dno  to  tlie  water  and  tlie  steam 
cjuKl  separately  be  observed.  After  the  record  1ms  been  takeu  iu  the 
U3ual  manner,  a  series  of  known  weights^ — ?>(),  50,  80,  100,  201),  and 
300  grama-— were  successively  applied  to  the  pan  hanging  under  the 
reoofdang  pen,  and  the  oociespondiiig  deflections  of  the  rod  were  recoid- 
ed  on  the  ojlinder.  From  these  observations,  we  ooold  csdonkte  the 
amount  of  the  pressnra  exerted  by  the  water  and  the  steam  upon  the 
brass  ball. 

Tlie  total  pressure  exerted  by  a  fluid  stream  upon  a  sphere  is 

kuowu  to  Ijo  a])piu:vau:Ltoly  squall  to  one  half  of  that  upon  a  circular 
disc  of  the  same  diameter.  Heuce 

p=  -  P  .      or      «  . 

where  p  is  the  pressure,  r  the  ra'lins  of  the  ball,  p  the  density  and 
V  the  velocity  of  the  water  or  the  stejuu. 

For  the  water,  the  maximum  velocity  was  cjUculated  to  vary  from 
1.6  to  2.0  m  per  seo. 

For  the  steam,  the  velocity  was  found  to  vary  fnnn  18  to  24  m 
per  see.,  as  given  in  the  following  table : 
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No.  of  Intwinittenoe 

Telocity 

1 

21  m/sec 

2 

26—34 

3 

22- 

18 

4 

24- 

-28 

6 

22- 

•18 

6 

22- 

1 

-18 

In  the  above  caloaUtioiit  we  took  for  tLe   value  of      the  density 
of  sainrated  Taponr  vmder  atmospheric  preaaore. 
k)    Quan§iHe9  ^  wafer  and  «toim. 
Siuce  the  qnnotity  of  Ilia  water  and  tlie  steam  in  each  eruption 

differs  considembly  for  different  eruptions,  it  was  sufficient  to  get  a 
iuiigli  estiniatiou  of  the  am.  uut.  Apjiiiii,  to  make  nii  exact  measure- 
ment of  tiie  total  quantity  cf  tLe  water  or  the  steam  is  almost  hopeless, 
in  the  present  condition  oC  tlie  orifice,  as  it  is  braucbed  iuto  several 
months;  some  of  these  are  hidden  nndeisionud,  whence  the  hot  water 
is  distributed  by  a  number  of  separate  oondnits. 

The  direct  method  for  the  quantity  of  the  water  wos  to  meaanie 
the  quantity  supplied  to  a  number  of  tanks  and  to  estimate  the  total 
from  the  section  of  the  conduits.   OThe  tanks  chosen  for  this  purpose 
were  those  of  Kyukikwun  and  <^  Sogamiya.   The  results  are : 
Kyukikwan        U"       p.ni,    April  1,  '04.        3.38  m' 
Siigaiaiyik  11"       a.m.       ,.     2,    „  1.28. 

Siuce  the  uumbera  of  the  couduits  for  tho  exposed  oritices  A,  a,  a' 
are  21,  2,  3  rospnctively,  the  total  quantity  of  the  water  will  ap- 
proximately be  1.28  X  26  m'= 33.2  m^  or  184  hohk  It  was  also  estimated 
that  the  total  quantity  of  the  water  which  flows  oat  from  the  hidden 
orifice^  is  3x8.38=10.1  m'  or  56.3  kokv.  Hence  the  whde  discharge 
of  one  eruption  will  approximatdy  be  46m^  or  2$0  iboftit.  This  namber 
is  a  little  f>reftter  than  that  obtained  by  Dr.  Tawara,  and  nearly 
uoiucides  witli  tiiat  given  by  J.  Tsnyuici,  a  r&<3ideut  in  Atami. 
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Tlie  njugli  estiiuntiou  of  the  stonm  was  c  iiried  out  iu  the  follow- 
iug  way.    Let  tho  qamiit/  of  the  aieam  be  denoted  by  Qy  u«  liave 


where  Sv  is  tbe  flnx  of  tlie  steam.  If  F  be  tlie  ocdinate  of  the  steam 
diagram,  we  maj  put 


Iu  car  case,  k  was  fouud  to  be  500  and  8  was  estimated  to  be 
300  cm^  Hence 


These  uumben  for  the  water  and  the  steam  must  be  considered 

as  giviug  the  orders  of  raagnitudes  of  these  quantities. 

a,   Abuofmal  J^ruj/fton,  the  JiagawahL 
Fii^s.  11  ami  12. 
The  record  of  ncujrowaiti,  kept  at  Kjulwikwau  is  given  below: 
I8d4:   Jan.  6;  Feb.  22.  7*'  p.m.-^23,  IP  a.m.;  Maroh  30,  4"  p.iu. 
—31,  e^aO"  a  m. ;  April  30,  C"  a.m.— 2*  p.m. ;  June  7,  6"  a.m. 
—5"  p.m. ;  Aug.  20,  4"  p.m.— 21,  6"  a,ni.;  Sept.  27 ;  !!?ov.  17, 
4"  a.m.— 4"  p.m. ;  Dec.  28,  8*  a.m.— 8"  p.m. 
1805  :    Feb.  IS,  4'  iJ.m.    TJ,  .V'  a.m. ;  ^Vpiil  I),  8"  a.m.— 5''  p.m. :  Juue 
VI,  4   p.m. —13,  C'  30  a.m.;  Aug.  11. 
Alter  tliis  clato,  the  record  is  missing  till  1903. 
1903 :   8ept.  8"  p.m. ;  Deo.  29,  3"  p.m. 
1904:  None. 

The  first  mgatcdki  recorded  bj  our  nrrangement  began  at  4^31)'^ 
a.ro.  on  Jan.  14,  1905,  from  the  tlitixl  series  of  the  ordinary  eruption. 
During  tn-o  or  three  diijs  before  the  nagmouU,  the  period  of  tlie 
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successive  eruptions  seems  to  have  beeu  sligUll}'  diminished,  but  iu 
buch  u  dep:iee  that  may  be  found  not  soldoiu  iu  our  records,  without 
leadiug  to  (iiblier  nagmcokl  or  anything  extraordinary.  The  nayatmki 
began,  as  it  were,  a!m  st  sinldenly  in  tho  midst  of  tax  ordinary  oruiv 
tion.  As  giT^  iu  Fig.  11,  tlie  flow  of  the  water  ooDtiuued  without 
itttermptiou^  gradually  decreostug  iu  qnautitj  aud  mixed  up  with  tlie 
steam.  At  T'^IO*"  p.m.,  it  oam9  to  a  snddea  rdpoee ;  at  A.m.  on 
15th,  on  intermittent  flow  of  hot  water  resembllug  the  aeoond  series 
of  an  ordinnry  eruption  began  and  continued  for  about  three  hours. 
After  a  roposo  of  four  hours,  onliiiary  eruption  at  last  set  in,  but  with 
th)  [>eriod  re»narkably  sboiteuctd  sitid  the  ginural  activity  strikingly 
reducfMl.  The  number  of  eraptious  per  d.iy  was  ten,  a  remarkable 
eoutrast  to  the  ordinary  frequency  of  tive  per  day.  The  frequency 
decreased  afterward  very  slowly  with  the  time  (Fig.  12),  aud  reoorered 
its  original  value  oitor  the  lapse  of  about  «v  month. 

Tlie  second  nagawal-i,  which  occurred  on  May  27,  4"  30""  A.m. — 
28,  (j?^  20"'  a.m.,  '05,  was  quite  similar  to  the  previous  one  iu  its  general 
aspects,  though  it  took  phico  in  conjunction  with  an  extraordinary 
dt'creas'j  of  tho  {general  activit}'.    The  third  nuyaivaki  occurred  t»u  Dec. 

(i''  p.m.— 14,  0"  40"  a.m.,  '05,  and  tlie  fourth  on  March  G,  C'  4(1"' 
a.m  —7,  2''  a.m.,  '06.  They  ara  quite  similar  in  the  general  aspects 
to  the  one  above  referred  to.  It  is  an  interesting  coiuoidenoe  that 
these  futffawakia  began  at  the  same  phase  of  the  ordinaxy  erupticti,  and 
that  a  center  of  low  atmospheric  pressure  was  approaching  from  the 
Pacific  in  each  case. 

3,  Extraordhiary  decrease  of  Activity, 
Figs.  13  and  14. 

During  tlio  cour.se  of  tlin  lust  few  yearSi  several  wells  have  beeu 
bored  in  tlii.s  district.  Many  of  them  give  a  moderate  quantity  of  hot 
water  only  by  pumping.  Iu  1935,  the  number  of  the  wells  has 
beeu  greatly  increased,  amonntiag  to  about  twenty  hi  all.  Sawagnchi*s 
well  bored  on  March  27,  '05,  burst  ont  with  great  force,  continuonsly 
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thioiiring  up  n  coluinu  of  stenm  aud  liot  watar  a\ioui  8iu  iiigli.  On 
May  22,  anoilier,  YoDekvrA%  of  a  madi  greater  activity  was  opened 
\?ithiti  a  few  liniulred  meteis  from  tLe  gejseiv  giYing  oat  Lot  water 
at  a  rate  of  about  310  cabio  meters  per  day.  Two  days  afterwards, 
stfll  anotber,  Higuchi*8,  o!  not  nrach  Ima  activity  was  bored.  After  Ihe 
l>orinf*  of  the  Sawngncbi's,  a  slight  docreaso  ijx  the  freiiuoucy  of  the 
geji^r  wiis  ohsei  vod  ;  on  May  20,  it  reduced  to  4.4  times  per 

day,  thongli  tlio  force  of  each  ernptiou  presented  no  appreciable  cUaiige. 
After  tlie  boring  of  tho  other  two,  the  frequency  of  Iho  geyser  re- 
markably decreased ;  it  was  B.6  ou  May  20.  Moraover,  the  fiist  and 
tlie  second  series  of  each  eraptiQa  became  considerably  longer  tban 
usual  aud  the  priucipaL  series  was  lessened  in  force.  After  the  nc^a- 
Vioki  which  occnn'ed  on  Hay  27,  tho  number  of  eruptions  per  day 
was  temporarily  iticreiised  to  6,  though  the  quantity  of  the  hot  water 
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was  TAiher  decreased.  On  Jane  5,  the  fieqaeney  again  fell  to  3.6 
and  on  Jane  11  to  only  3.2;  the  first  and  the  second  series  were 
prolonged  to  tbree  and  a  liatf  lioui'Sy  wliOe  the  priacipal  series  was 
reduced  to  oul^  tlireo  weak  emptions,  Tlie  oouseqnent  decrease  in  the 
quantity  of  hot  water  caused  tmnble  to  sovcml  bath-lionses  supplied 
by  the  goyser,  nud  the  nbove  ilmn'.  wAU  wliicli  imist  liavo  lieeu  the 
probable  aiuse  of  the  decrease,  were  all  stopped— Youekura'n  ou  June 
12,  Sawiignohi's  ou  the  uext  day  and  Hignebi's  ou  July  12.  Immediately 
after  the  steppage  of  the  first  two  wells,  the  fcaqneocy  of  the  geyser 
increased  to  4  and  moreoTer  the  preliminary  series  of  each  empUon 
was  shorleaed  and  the  principal  eniption  gradnnlly  tended  to  regain  its 
original  force.  After  stopping  Hignchrs,  the  frequency  gvadoally  in- 
creased and  attained  4.5  in  August,  which  was  still  a  little  short  of 
the  original  vjiluo,  Siuce  then,  the  frequency  has  gradually  decreased 
to  4  aud  remained  nearly  coju.staut  up  to  the  present,  though  it  was 
tennxjrarily  disturbed  by  two  nagaioakis.  As  to  the  imxle  of  eacli 
eruption,  it  has  quite  recovered  its  original  force.  It  is  to  be  remarked 
that  still  new  wells  remain  open,  Aoki%  which  are  near  the  geyser 
and  giTe  a  moderate  qnantity  of  hot  water. 

The  stoppage  of  wells  Mras  a  matter  of  no  small  difficulty.  The 
mght  witnessed  by  ns  during  the  stopping  of  YoDekura's  well  may 
be  worth  recording.  The  well  was  abont  26m  deep  and  threw  up  a 
culumu  of  hot  water  mixed  with  steam  about  8  m  high,  from  an  iron 
pipi!  of  4  inches  diameter.  Cyliudors  of  slieot  iron  filled  with  sand 
aud  piibbles  which  were  intended  to  stop  the  well,  were  violently 
thrown  up  in  the  air  when  put  iu  the  orifice.  An  iron  rod  of  about 
10  kg  weight  thrown  into  tlie  month  was  held  by  the  water  near  the 
month,  neither  falling  nor  rising.  Next,  an  iron  pipe  of  2  inches 
diameter  and  of  abont  6  m  length,  was  filled  with  sand  and  forced  into 
the  orifice.  Thoogh  the  quantity  of  the  water  and  steam  was  con- 
siderably lessened  by  this  pipe,  the  upward  pressure  still  overcame  the 
weight  of  tlio  pipe  and  when  the  pipe  was  released,  it  was  thmwn  up 
into  the  air  about  cue  meter  high.    Next  a,  similar  pipe  filled  witli 
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ixQiL  boI<8  and  foind  uas  opplied.  Tlim  pipe  fell  freely  down  tbe  veU- 
Immediftiely,  the  qiinntity  of  water  was  grfatly  redooed  and  a  nmnber 
of  pieces  of  tuff  imbedded  with  small  <»y8tttls  of  iitm-pyrilea,  was 
pelted  out  witb  the  jet  of  steam  and  scattei^d  within  DeTernl  meters 

from  tlio  .s])rt.  Uiou  ;m(  ilior  ijcii  pipe  was  tliiT-wn  Into  llio  hole  and 
cokl  water  was  i>oiiml  di  wi),  \vl;it]i  coinj^lclcly  stopped  iho  nctivity. 

From  the  fnct  tbat  the  iron  bar  abovo  UesciiuiHl  wns  held  in 
eqnilibrinni  hy  tho  pi^essnro  of  tho  water  ytt.  wo  miy  xonghly  osthn  ite 
the  Telocity  and  tlie  mean  density  of  the  splash  at  tho  ci'ifioe.  If  w 
be  the  weight  and  8  the  sectional  area  of  the  i'od»  and  if  p  be  the  mean 
density  and  v  tlie  velocit}*  of  the  jet,  we  hnye 

Again,  if  J?  bo  (he  Tndins  of  the  caiEce  and  Q  tlie  qnantity  of  water 

giveji  out  per  Kecuiid, 

By  our  ]>revion8  measure uieut,  ^=.0.1)030  cnbio  meter  per  sec.  The 
xesult  of  onr  evaluation  Is  tlms 

«;=12  m/aec;  p=0.73, 
j.e.,  tJie  jet  of  water  fills  np  about  7/10  of  the  area  of  the  orifice. 
Tlie  power  of  tho  jet  calculated  from  these  data  is  about  3.5  H.P. 

4*  Level  Change  nnd  T(ntjw9*alure  of 
Artesian  Wells*   Figs.  15  and  10. 

Levi  l-chuugea  of  two  wolls  near  the  gpvser  woi-e  netjulcd  by 
means  of  Honda's  linininieter.  Nonmia's  well,  which  is  within  200m 
of  the  gi»yser  and  25  m  above  tho  sea  level,  shows  a  regnlar  np  and  down 
motion  of  about  10  cm,  five  times  per  dny  (Fig.  15)  corresponding  to  tbe 
eruption  and  repose  of  the  neighbouring  ge^-ser.  When  the  geyser  is 
at  the  height  of  its  activity,  the  level  of  the  well  is  at  its  masimnm. 
Tho  slow  rising  of  the  mean  level  is  }>;u  tly  due  to  i-nin.  Efiects  of  the 
tidil  and  tho  ntmospheric  prt»ssuro  are  uls  >  i*  cofrnizablo,  Init  Ji<  t  very 
leiunrliablo.    'J ho  tomppriluro  of  tli  '  water  in  tliis  wrll  ia  ^tiP-CUW 

In  Suzuki's  well,  situated  more  remote  fmm  tJie  ge3'ser  than  tlte 
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Nomura's  .'ind  nearer  to  the  sea.,  tlie  effect  of  tlie  goysor  ia  not  obsorvftd, 
bat  the  level  rises  and  falls  with  the  tide  i  Fig.  16).  The  rooord  shows 
peoaliar  zigzags  indicatiug  that  the  surface  o£  the  water  is  oontlnnonsly 
disturbed  by  tlie  boiling.  If  the  water  bo  pomped  out  a  little  at 
fimt^  it  oontiniieB  to  flow  eraptively  for  a  while,  till  a  definite  quantity 
is  leaclied  and  tben  followB  repoae.  If  the  pump  be  actuated  again 
after  a  few  honrs,  a  nearly  equal  qnantity  of  boiling  water  flows  ont 
in  a  similar  way.  Bnt,  if  pumped  earlier,  a  small  qnantity  may  be 
drawu  out  oiily  after  hard  pumping.  The  levol  of  this  well  is  about 
11  ra  below  the  ground  and  22  ra  above  the  sea  level.  On  ouo  occasion, 
the  temperature  of  the  water  in  the  well  at  different  depths  was 
measnied  with  a  maximnm  thermometer  and  fonnd  to  be  remarkably 
high.  The  resnlts  axe  given  in  the  following  table : — 


17.6  m 

6.6  m 

103^0. 

115<«. 

26.0 

15,6 

123^ 

128** 

32.1 

21.1 

139'* 

135° 

35.7 

34.7 

140° 

138° 

44.9 

33.9 

140" 

147* 

54.0 

43.0 

142P 

16V 

The  first  and  the  second  oolnmn  denote  the  depths  measnretl  from 
the  snrtaces  of  the  earth  and  Uie  water  respeetively ;  the  third  oolnmn 
is  the  actnal  temperature  ooraesponding  to  eaoh  depth;  and  the  last 
is  the  corresponding  boiling  point  of  water  under  preasuie,  calculated 
from  the  Regnault's  results.  From  the  above  table,  we  see  that  the 
torapernture  of  the  water  rfipidly  increases  almost  proportionally  with 
the  depth  up  to  about  20  ra  from  the  surface  of  the  water ;  then  the 
rate  of  the  increase  ])ec  aies  abruptly  smull.  This  shows  tliat  at  about 
20  m  below  tlie  surface  of  the  water,  tliere  is  a  layer  or  a  space  between 
layers  in  which  highly  heated  water  is  oontinnonsly  flowing.  At  these 
depths,  the  actual  temperature  is  a  few  degrees  higher  than  the  cor- 
responding boiling  points  under  pressure,  so  that  the  boiling  is  con- 
tinnonsly  going  on,  as  shown  by  tlie  limnimeter  set  up  in  the  well* 
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IToro  it  is  to  \m  noticed  that  tho  risa  of  the  bDiliug  \vjmt  due  to  the 
dissolved  suWtuuces  is  at  iiuxst  one  degree. 

Abo's  well  which  is  situated  midway  between  the  gejaer  and 
Yonekara*s  irell,  is  about  33  m  deep  and  gives  cmt  hot  trater  by  pumping. 
The  lesnlts  of  the  temperatore  measarament  al  different  deptbs,  made 
by  a  maximum  tbennometer,  are  as  foUows: 


At  the  'vater  suifaee 
23.0  m  betow, 

28.5 
29.7 
31.0 


62.0  G. 

95.6 

98.3 

104.3 
118.2 


Fi"Om  the  results  in  these  two  wella,  it  is  evident  timt  in  the  district  oi 
Atami,  theio  exist  layers  witii  very  high  toniperatare  ucor  the  snrlace. 

IV.   EXPLANATION  OF  THE  PHENOMENA, 

Existing  UieorieB  are  not  sufficient  to  explain  the  exact  manner  of 

the  eruption  of  the  geyser  of  Atami.  Wiedemann's  model  though 
plausible  ia  many  respects,  fjuls  when  ;ipi>liod  to  this  geyser,  in  which 
water  und  steam  are  alternately  projected  several  timas  in  succession. 
We  sought,  therefore,  for  other  alternatives  and  constmcted  several 
models  for  experiments. 

Fixst^  ife  conoeiTod  two  subtenanean  cavitiea  {A  and  B)  oonnected 
in  series,  as  sliown  in  the  annexed  figure  and  snppoaed  B  to  begin  the 

eruption  earlier  tliau  J,  by  tlie  nu» 
dergronnd  heat  The  model  con- 
structed according  to  this  supposition 
workod  nhncsi  satisfjictorily,  except 
that  tlie  mo  le  of  iutermitteuco  in  the 
principal  series  of  tlte  craptiou  was 
not  quite  similar  to  the  actnnl  gsyser ; 
for,  in  this  model,  the  steam  pvedomi- 
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natcd  towiinl  tho  end  of  each  ornptiou,  iusto;vd  of  showing  a  re- 
gular Altt^rnativo  iutermittence  of  steim  aiid  water  as  iu  the  actual 
oaae. 

After  a  sequonoe  of  modifioatious  and  experiments  under  ?arioQS 
o>Qditioufl»  we  arrived  at  last  at  the  foUoviug  theory  wliiob  seems  for 
the  present  to  be  snflftoient  to  explain  the  phenomeea  of  the  geyser 
in  qaestion: — 

Referring  to  the  ti^ire,  ^  is  a  cavity  lying  at  a  considerable 
depth  ;  a  is  llio  vortical  pi[)i)  aud  b  a  canal  whicli  supplios  the  water 
to  A.  Wo  c<juoeive  a  side-caual  c  iatermeiliato  betweeu  A  aud  n,  which 
leads  to  a  second  oavity  C7,  not  showu  iu  the  figure.  Ths  temperature 
of  the  water  in  a  aud  c  is  supposed  to  be  lower  tlian  tlie  eoaesp(»iding 

boiling  point.   Water  in  A 


is  heated  by  the  wall  of  the 
cavity,  the  temperature  of 

which  is  supposed  to  bo 
decidedly  higher  than  the 
boiling  point  at  thai  depth. 
The  source  of  the  heat  is 
p  probably  to  be  attributed 
to  the  hot  water  and  steam 
running  tiirough  numerous 
veins  and  canals  extending  beneath  tho  district  When  the  teiunon 
of  tlie  vapour  in  Ihe  cavity  attains  its  critical  value,  the  water  is 
oject«d  and  then  the  stenm  follows.  Whou  a  certain  ninonut  of  tho 
steam  is  given  oti',  the  pressure  iu  the  neck  is  reduced  to  such  a 
degree  tiiat  the  water  dows  iu  from  the  side-canal  and  stops  the 
eruption  momentarily.  Soon,  the  downward  pressure  of  the  water 
oolumn  is  overcome  by  the  tension  of  the  vapour  and  the  second  gosh 
follows  These  emptions  are  repeated  several  times,  tUl  the  vapour 
pressure  is  so  reduced  as  to  admit  the  comparatively  cold  water  from 
ihe  fcod-canal  h  and  also  from  c.  Thus  tlie  activity  is  quenched  for 
a  while  till  the  uext  eruption  begins. 
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A  model  coustructed  according  to  this  view  worked  satisfactorily. 
Belerriug  to  the  figan?,  A  is  tLe  working  cavity,  c  tlifi  Bide*Ganal  fed 
bj  Ibe  seoond  cavity  G  Uuiger  tliau  A,  .8  is  the  laiga  tank  flappljing 
A  a&d  C;  a  18  a  glass  labe  repiesenting  the  Tertieal  pipo  of  the 
geyser.  These  are  all  oonneeled  by  eauohoiio  tubings  as  shown  in 
the  figure.  BoUi  A  and  Q  are  made  of  brass,  tiiickly  oovered  with 
u.sl>esto3  to  prevent  cooliug,  uikI  niureover,  are  piioviJcd  willi  glass 
jAiiuges  bhuwiug  tlio  wjiter  levels  inside.  The  cavities  filled  with 
water  are  heated  by  proper  Bunseu  burners,  care  being  taken  to 
keep  the  tempeiatoie  of  the  water  iu  C  somewhat  below  the  boiling 
pdut— the  tempetatnie  being  read  by  the  inserted  thmnometer  T. 
We  giTS  below  the  dimensions  of  the  principal  parts  of  onr  model: — 

Gapaoity  of  A :  Height — 19.0  cm ;  Diameters  9  cm. 
„      „    (7:      „     :=  18.5  em;       „      =16  em. 

Height  of  the  orifice  above  the  bottom  of  A  =  1  m. 
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InternAl  diameter  of  the  vorti<«U  pipe =o  mm. 
Diameter  of  the  orilice  —  2.5  mm. 
„      „  tube  b—7mm, 
ft     t«      u    II  c=5mm. 
The  period  o!  ilie  empttoii  depends  on  the  heating  of  the  oavity 
inereoaed  beating  shortening  it    The  namber  of  the  intermittenoee 
inoreaaefl  with  the  temperatoie  of  the  water  in  (7.  In  oar  esperimeuts,  tVe 
mean  period  of  tlie  eraption  was  6.5  minntes  and  vrhen  the  temperatoie 
in  C        i>5^C,  the  nuniljei  of  iutormitleucos  iu  eacli  eruptiou  was  3  to  4, 
In  this  way,  the  raauuor  of  tho  eraption  was  imitated  eveu  in  its 
details.   The  figure  here  given  is  one  of  the  records  of  ih&  eraption 


^  \  1  1  1  

of  onr  model,  obtained  by  the  aic^ihermogtaph  abeady  mentioned.  The 
preiiminary  series  of  the  eraptioii  waa  not  reoorded  by  this  anangement, 
in  whiob  the  atr>bnlb  was  plaoed  somewhat  high  above  the  orifioe. 
The  phenomena  of  naqawdki  may  be  explabed  partty  by  the 

suppoaitiou  that  the  onderground  temperature  is  raised  above  its  Doruial 
value  aud  so  the  temperature  of  the  cavity  C  bocomos  liigher  than 
tiie  ordinary  value.  If  tlie  temperatm-e  of  the  cavity  C  iu  our  model 
be  raised  to  a  eertaiu  value,  tlie  empiion  eorresponding  to  nagatoaki 
begins.  It  zesembles  the  aetnal  one  OTen  in  some  details.  The  oanse 
of  this  oeoasional  diaiig^  ol  the  tempeeatnre  is  probably  the  ohnnge  of 
tlie  sabtenranean  ▼okanio  aetiyity,  which  keeps  the  anderground  tempara> 
tnm  in  tliis  distriot  considetmbly  above  the  boiling  point  of  water. 
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The  fact  that  the  freqaenoy  o!  the  enipti<»is  immediately  after 

nagaicaJct,  is  nearly  doubled,  may  partly  he  explained,  if  we  wnsider 
that  tlie  Icmperatuio  of  tlio  Leutiug  cavity  is  laiscd  during  the  course 
of  tbe  mujawaki  by  tiie  incessant  flowing  of  superlieated  water.  It 
may  be  added  as  a  very  suggestive  fact  that  if  in  our  model,  a 
quantity  of  air  bo  blowu  iuto  the  heating  cavity,  the  frequenoy 
of  the  eruption  increases  remarkably  at  fint  and  then  gradually  de- 
creases with  the  gradual  expulsion  of  the  air  by  the  snooeasive  erup- 
tions ;  even  the  weakness  of  the  activity  in  the  actual  case  is  imitated 
witli  great  faithfulness.  During  a  few  hours  after  nagaitaki,  the  cavity 
uA  well  ;us  ti:o  canals  leading  to  the  orifice  rfmain  draiut-d  out,  that 
it  iss  possible  that  air  or  other  gases  may  enter  into  the  cavity  and 
cause  the  inci-eased  frequency  of  iho  eruption. 

It  is  a  fact  of  common  obeervatioii  that  the  tempeiaiure  of  some 
ordinary  hot  spdngs  rises  with  the  low  atmospheric  pressure.  This 
is  undoubtedly  due  to  the  increase  d  the  flow  caused  by  the  enhanced 
circulation  due  to  the  reduction  of  the  preesure.  If  in  the  supposed 
heating  cavity  of  the  gej^ser,  the  interchange  of  the  water  due  to  the 
slow  circulation  thi-ough  numerous  veins  and  lissures  be  accelerated  by 
some  cause,  the  time  required  for  the  sufficient  heating  for  the  eruption 
must  necessarily  bo  prolonged.  This  consideration  seems  to  explain 
the  influence  of  the  almcspheiic  pressure  on  the  period  of  the 
eruption  above  mentioned.  Again,  the  probable  influence  of  the  well- 
boring  on  the  geyfleri  may  he  explained  on  the  same  basis.  The 
wells  may  increase  the  circulation  of  the  tuidergronnd  water  in  the 
vicinity  and  result  in  the  retardation  of  the  eruption  of  the  geyser  in 
a  similar  niauuer.  Muicover,  it  is  quite  natural  that  the  hot  water 
would  find  its  easier  vent  tliiou^li  a  new  passage  opened  with  lets 
resistance,  at  the  expense  of  the  quantity  originally  ejected  by  the  old 
cme  alone.  The  prolougation  of  the  first  and  second  series  of  the 
eruption,  suggests  the  slowness  with  which  the  pressure  in  the  heating 
cavity  approaciies  the  critical  value.  Careful  investigation  of  the 
<diangd  in  the  wells,  leads  ns  to  the  strong  belief  that  the  striking 


uiyiii^ed  by  Google 


ON  THE  QEYSEIl  IN  ATAMI. 


73 


coincidence  of  tlio  well-boriog  aod  the  extraordiuarj  decrease  of  the 
clmngo  ia  the  geysor,  is  a  necessary  and  not  an  accidental  one.  If 
the  ireqneney  of  the  eruption  does  not  jet  qnite  attain  its  former  TalQ6> 
long  after  the  stopping  of  tlie  welb,  we  need  not  vonder  at  sll^  since 
some  irreTersible  change  in  the  subterranean  meclmnism  might  have 
liappened  during  the  period  of  the  dlatorhance. 

It  should  be  noticed  that  almost  simultaneously  with  the  beginning 
of  the  ;il)iu)nnal  decrease  of  llio  .-ictivitj,  severe  sliocks  of  oiirtliqnako 
wcio  foU  in  the  liiiaud  of  O^imu,  an  active  volcano  situated  in  front 
of  Saganii  Bay,  about  27.5  miles  from  Atami.  On  tiiis  aocoont,  it  was 
generally  believed  that  the  decrease  vas  the  ccmaeqaenoe  of  some 
change  of  the  snbteiranean  aotiTity  associated  irith  the  earthquake. 
Tlie  belief  seems  to  have  its  origin  in  the  tradition  that  the  ocoanrence 
of  nagaufoki  has  some  xeh^tion  to  the  activity  of  Osimn.  Bnt,  judging 
from  the  mannw  of  the  change  of  the  govsor  accompanying  the  boring 
and  stopping  of  the  wells,  we  are  inclined  to  believe  that  the  principal 
cause  of  the  distnrb.infe  in  to  be  attribnled  to  the  woU-boring. 

Tlie  quest iou  naturally  arises  as  to  the  actual  source  of  the  im- 
mense quantity  of  tho  liot  wntnr  poured  out  daily  by  this  geyser.  It 
seems,  according  to  the  accepted  view  of  the  modem  g^logists,  that 
the  water  condensed  from  the  superheated  steam  coming  from  the  very 
depth  of  the  earth's  crust  forms  a  considerable  part  of  the  mineral 
water  of  such  a  hot  spring.  Accepting  this  as  a  partial  exphtnatiou, 
we  feel  inclined  to  trace  tho  greater  part  of  the  hot  water  ejected  by 
this  gpyser  to  the  undeigionnd  water  circnhitiug  at  a  comparatively 
small  depth  heated  by  the  extraordinary  heat  under  tlie  district.  The 
presence  of  the  tea-water  constituents  in  tho  water  of  the  geyser  is 
probably  due  to  the  sea-water  penetrating  through  several  fissures  in 
the  neightiouring  bay,  which  hears  strong  geological  evidence  to  having 
once  been  the  crater  of  an  volcano. 

In  conclusion,  we  wish  to  express  our  best  thanks  to  Mr.  S. 
Knsnmi,  the  apotheker  to  Kyiikikwan,  to  whom  we  nro  very  much 
indebted  for  liis  /.ealoua  jussiHtauco  during  llie  course  of  our  observations. 
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General  View  of  Atami. 
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Geyser  in  Full  Activity. 

White  sprayB  colliding  with  nx^ks  to  the  left. 
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The  Ephemeral  Volcanic  Island  in 
the  Iwdjima  Group. 

By 

T.  Waklmbii*  BigakueM» 

Asst.  I'rot.  of  Geology  iu  the  Coll.  of  Agriculture,  iokyu  Imp.  Uuiv. 

'^ith  Plates  I -XII. 

INTBOnUCTION. 

In  tliB  ooarae  of  December  1904  (the  37th  jeta  of  Meijt)  a  Toloftnio 
istaud  ma  newlj  formed  in  the  Ticinity  ci  Miiiami-<Iwdjiiiia  which  is 
Bitaated  at  the  flontherii  extvemity  of  the  Fuji  vokanto  »oiie.  The 

news  wfts  6rst  reported  in  Febnmry  of  last  year  (1905)  by  some  in- 
habitants of  Iwojima,  and,  as  is  fresh  in  our  nieinorv,  was  for  a  wliile 
an  absorbing  qnestiou  with  the  pnbli(!.  In  Jiiuo  hist,  at  tlus  i-equest 
of  tlie  Earthquake  Inreatigation  Committee,  I  proceeded  to  the  said 
ialand  by  the  ffjfCffOmaru  with  a  Tiew  to  make  an  iimpeotion  there. 
But  when  I  oame  near,  to  my  great  disappointment  I  found  it  impos> 
sihle  to  set  foot  upon  the  island,  ainoe  the  gveater  part  of  it  was  already 
worn  oat,  leaving  above  the  water  a  low  reef  just  on  the  point  of 
stnlnni^.  Moreover,  the  aea  then  raging,  prevented  me  even  from 
.•xppioa<  liin^i;  the  reef  uud  obliged  me  to  return  witliout  attaiuiuf^  the 
deairod  ond.  And  if  the  ])[v,sr)nt  rnport  gives  the  reader  an  im^irosgion 
that  it  is  a  long  way  from  satisfactory  or  complete,  I  hope  these 
circumstances  will  offer  an  excjise  for  that.  Here  I  must  express  my 
heart>W  gratitude  to  Prof.  Kot6  who  was  kind  enoogh  to  give  me 
several  valnable  suggestions  in  studying  my  coUeeted  specimensi  and 
withoat  whidi,  I  fear,  my  report  might  have  fallen  still  farther  short 
61  the  mark. 
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The  New  Islaiid  was  noiihifig  more  tJian  a  sabmarine  vdoano, 

heaved  up  above  the  level  by  eruption,  and  was  situated  alwut  3  uau- 
tiosil  iiiiLis  northeast  of  Miainii-Iwujinni.  It  may  safely  be  iiifen'od 
fi-oni  its  positiou,  tk'it  this  submarine  volcano  wjis  one  of  the  Iwojima 
volcanic  islands  lepraeentiiig  part  of  the  SM-callod  Fuji  volcanic  zone; 
and  for  this  reasoii  ifc  appaara  coDvement  to  make  a  statement  respect- 
ing the  present  Tolcaoic  islands  of  Iwdjima  or  Sulphur  Island  gionp 
before  entering  into  the  main  qnoKtion. 

IWOJmA  GBOUF. 

The  volcanic  islands  of  Iwojitna  fj;n^ap,  also  called  Volcano  I.sluuds 
(Plnte  I)  coin])iv:heati  three  volcanic  it^l.iiuls  rnuf^fMl  nearly  north-south 
between  l  iV  and  141"  30'  east  longituda  uud  between  24^  and  25^  25' 
north  latitude.  Of  these  three  islands  the  central  one  is  the  largest 
and  bears  the  name  of  Naka>Iw6juna^^  or  simply  Iwdjima  (Sulphnr 
Island) ;  the  one  to  the  south  Minami-Iw6jiwa  (San  Augustino  Island)* 
and  the  one  to  the  nortih  Kita-Iw6^ma  (San  Alessandro  Island).  Kita- 
Iwdjima  is  situated  90  nantLoal  miles  southwest  of  Hahajima  (Hills- 
borc)n<^h  Tsl.)  or  6f>0  nautical  miles  distant  from  Yokohama,  and 
]\liu:i,iiii-I\vojua:i,  which  is  the  southernraast  limit  of  the  limpu'e  in  this 
direction,  is  740  miutical  miles  from  Yokohama. 

t,   Kita-Iwdjima  (^San  Alessandro  Jsl.) 

Kita-Iwajima  is  situatsd  25'  north  hktitude  and  141°  16'  east 
longitude.  It  is  a  volcano  standing  2534  feet  above  the  surface  of 
the  sea,  about  12  km.  in  circnmfeience,  and  545  hectare  in  ana.  The 
coast  line  has  become  known  in  swne  measure,  from  the  survey  efifocted 
by  Mr.  Oknmoto  and  otliera  in  1904,  but  the  topograpliie  survey 
of  the  iuttiriur  lias  not  yt-t  Imhmi  nuule. 

Fi«j.  1,  PI.  11.  is  a  t<)|)ograpliic  mn])  of  tho  isl  md  drawn  from 
tho  survey  made  by  Mr.  Okamt)to  and  from  my  own  sketches.  It  will 
be  seen  therefrom  that  the  outline  of  the  island  is  nearly  elliptical 
1)  Knkn-Iwdjlstt  mtaxus  Middlft  8aJ[ilrat  btotul. 
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with  no  remarkable  irregularities  of  coast  liue.  The  moimtain  is 
gfuciiilly  precipitous,  and  the  summit  is  dividotl  iuto  two  promiuout 
peaiis,  north  aDcl  south.  The  one  to  the  south  is  the  Iiigher  (2534 
feet)  and  its  top,  being  nearly  always  covered  irith  dense  clouds,  is 
Baid  to  be  rarely  visible  from  its  fooL  In  oonaeqiieiioe*  it  is  not  jet 
oertain  that  this  snmmit  haa  any  hollow  vent  as  seen  in  nmat  voloanoea, 
However,  besidefi  ilie  two  above*mentioiied  peak^  there  is  a  some- 
what low  isolated  one  to  the  northeast  of  the  south  peak,  and  the 
deep  valley  skirted  by  this  k)w  peak  and  the  north  and  south  peaks 
hm  a  white-decayed  precipice  in  the  middle  part,  as  if  influenced  by 
solfataric  actiuu,  suggesting  tJie  trace  of  explosion  crjiter.'* 

The  mountain  sideb  are  very  steep  and  directly  lead  to  the  sea 
without  leaving  any  coastal  plain  around  the  island.  Along  the  sliore* 
line,  however,  there  is  a  gravel  Ijeach  of  from  80  to  100  meters  wide, 
with  scattered  big  pebUes.  It  is  a  very  noticeable  faot  that  at  the 
distance  of  about  100  meters  ton  the  water's  e^e  the  sea  is  very 
shallow,  being  only  2  or  3  fathoms  deep^  and  even  a  small  boat  can* 
not  approach  the  shoie  easUy,  owing  to  the  waves  nsnally  rngiug  there. 

This  submerged  phitform,  or  wave-cut  toi-race,  together  with  the 
said  gravel  l>each  along  the  shore,  marks  the  spnco  >\ln\]i  tlio  Avuter 
lijis  concjuorod  by  dint  of  wave-cutting,  siute  tiie  iormatiou  ol  the  LsLind. 
Moreover,  the  steepueas  of  tlio  moontaiu  sides  (far  steeper  than  the 
incliuiition  of  lava  or  tuft'  strata  composing  the  volcano)  must  also  1)e 
attributed  to  this  rapid  wave-cutting  as  well  as  the  rapid  formation  of 
sesrcnt  diff,  for  in  sooh  cases  erosion  plays  a  move  important  part  com- 
pared to  weatiiering  wUdi  generally  tends  to  reduce  the  angle  of  the 
sbpe;  and  the  more  resistant  the  material,  the  steeper  the  sbpe  of  the 
mountain,  as  is  the  case  with  Kita-Iwojima. 

Our  landing  and  inspection  being  confiued  t(»  tlio  small  bphero  of 
Iligaahi-Ishiuomma  and  noighlx)urhood  on  the  east<!m  coast,  I  must 
confess  that  I  could  not  obtain  sufficient  materials  to  show  the  geolo- 

1)  Hm  povitloii  Ot  mppoMd  «KpIonitioD  enit«r  b  shoini  "bj  m  dotted  line  In 
F%.  1,  PL  n. 
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gioal  ooDstmctioii  ci  the  island.  Bat»  so  far  a«  I  eonld  obeerve^  ilia 
graator  part  ol  iba  mountain  ia  oompoeed  of  a  compaiatiTelj  hnii 
lind  of  Toloanio  aggknaaiata  oontMiuDg  a  Bheet  of  IaTa»  which  ia  cut 
in  Bvetj  iraj  by  dykes  of  dark-oobured  andeaite.  In  the  pcedpioe 
along  the  8hora»  about  900  meters  wrath  of  Higasld-Ishinomnra,  there 
are  exposed  four  or  more  dykes  of  {^-oaL  (uuu'u.siou,  souio  rcacLiug 
alxjufc  300  metei"s  in  lougth,  the  pniiul  apjxijirance  of  which  can  be 
seen  from  the  for  distant  sea  (Fig.  2,  PI.  II.). 

(i)  The  agglomerate-forming  avgUe<inde«iU  is  a  haxd  and  some- 
what Tesionlar  rock  whioh  cootaiDs  abundant  phenoerysts  of 
Isldapar  in  dark  gray-oolowed  gronnd^maas.  Ita  exiemal  ap- 
pearanoe  gveatly  leflsmbisfi  the  ag^merate-fonning  andeaite  ol 
Hahajima  whidi  is  seen  alternating  with  Kiunmidite-tn£  Under 
the  microscope,  it  is  found  to  be  of  holocrygtalliDe-porphyritic 
structure,  containing  plieuocrjsts  of  plagioclase  and  altered  augito 
(Fig.  3,  PI.  IX.).  The  plagioclase,  though  it  in  fresh  and  transparent, 
contains  in  incloeoies  a  small  quantit}*  of  augite  besides  magnetite 
and  eome  gbuHcy  aubetancea  These  inokwnrea  axe  arranged 
aonally  akog  the  deaTsge  face  of  the  plac^odaae.  Folyqmtitetio 
twin  of  albite  type  is  Tery  common  and  pericline  twin  is  also 
occaatonally  found.  Cbnaideriug  that  the  extinction  ai^  at  P 
fece  reaohes  eren  — 37^  it  is  safely  infened  that  it  belongs  to 
the  most  basic  anorthite.  The  ixa-phyritic  argito  is  nsuall}'  altered 
iuto  a  bastite-like  siibbtance  of  greenish  brown  or  yellowish 
brown  colour,  with  daik  Becreted  grains  perhaps  of  magnetite  on 
its  peripheries  and  cracks.  The  same  phenomenon  presents 
itself  in  tiie  aggkanoate-forming  angite-andeoite  of  Hahajima. 
The  ground-maaa  is  ocmposed  of  lath-shaped  plagiodaae,  ang^te 
grains  and  magnetite,  witii  no  trace  of  glaas-basia. 

(ii)  The  Dyhe^ndegite  is  a  porous  dark  gray-coknued  rock  of 
basaltic  appearauce.  Those  iiiaigiiial  parts  which  are  in  contact 
with  agglomerate  are  especially  glassy  and  aboimding  in  ixiros. 
As  phenocrysts  there  exist  a  great  number  of  pls^oclase  and  a 
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very  few  of  augite,  but  do  oin  iiie.    Tlie  plagioclaae  is  traii8i>areut 
aud  full  of  {^lass  iiiclosures,  and  polj  syutLetic  twimiing  of  albite 
type  weli  developed  in  it.   TJbe  -wide  eztiiiotiou  angle  aiiows  tiiat 
it  iB  <rf  flodap-Hme  feldspar  of  caeio  oompoution.  The  augite  is  of 
ligbt  yeHonr^gmy  coloiir  and  weak  pileochioisin,  with  wett-dereloped 
prismatio  cleavages.     The  grocmd-mass  is  of  hypOdyataUine 
stmctine  and  is  oomposed  of  micioiitee  of  plagioclaso,  augite  and 
magnetite,  with  a  small  amount  of  some  glassy  substances.  The 
pores  of  various  si^es  wliicL  exist  in  tLo  rock  are  generally 
fringed  with  yellow  oxide  of  iron  (Fig.  4,  PI.  IX). 
Though  the  whole  island  except  the  sontlioni  side  (with  its  steep 
indiQation)  is  ooTeied  with  a  thick  fbsea^  the  tnuika  are  all  short  on 
acooDnt  oE  the  strong  sea-wind  which  paroTsite.  Only  near  the  headbes 
and  in  the  valleys  lees  exposed  to  wind,  tropical  trees  of  eveigreen 
broad  kaveia^  snch  as  GslophyUinn  inophyUnm  X.,  Terminalia  Gatappa 
Dr.,  Hibisoiis  tHiaoens  L.,  Hemandia  pdtata  JU^tnt.,  Ac.  are  seen  in 
comparatively  good  growth.    Slow  inclining  talus  places  in  the  island, 
snch  as  the  neighboiliool  of  Higashi-IshinomurA,  are  thickly  c<jvered 
with  i"ed  laterite,  and  there  sugar-canes,  maize,  sweet  potatoes,  gin- 
gers, etc.  are  cultivated.    On  the  beach  and  the  talus  ground  above 
mentioned,  decomposition  of  soil  is  complete  and  no  substance  which 
bears  any  ai£^  of  recent  emption  is  to  be  fonnd.  This,  to  my  mind, 
goes  to  prove  that  the  island  lost  its  activity  long  ago^  in  which  respect 
it  resembles  Minami-Iwdjima  and  widely  diffeorjs  from  Nakarlwdjima^ 

t  may  add  hexe  that  this  isbind,  like  the  other  two,  had  been 
long  nninliabited,  till,  in  1899  Mr.  Ishino,  an  inhabitant  of  Hachi- 
jojiraa,  set  his  Imud  to  the  reckniation.  Since  then,  the  population 
has  increased  year  by  year,  so  tluit  at  present  there  arc  36  families 
and  178  inhabitants  in  the  east  and  the  west  IsMnoinura. 

Submarine  Volcano  near  Kita-Iwojima. 

At  the  distance  of  about  3  xiantical  miles  northwest  of  Kita- 
Iwojima  there  is  a  submarine  volcano.    Once  it  emitted  irieam  and 
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displayed  a  very  grand  si)ectacle.'^  \VitJi  tlio  »  artliquako  of  1889,  the 
t'liiissiou  camo  to  aii  ond,  l»ni  u  tiliual  rovcrinj^  tlicj  sjiace  of  about 
2  miles  front  north  to  south  still  remaiu<^  to  mark  its  site,  where  the 
sea-watec  is  always  found  muddj  and  disturbed. 

Iwctfinta  {Sulphur  Islaiul), 

This  island,  cdtoatod  in  the  centre  of  the  Iw6jiina  gnmp,  is  the 
laigest  of  the  three  sister  iBhrnds.*)  It  vtm  discoreied,  along  with  the 
north  and  nonth  Sulpluir  Islands,  in  the  year  1784  or  (hereabontn,  by 

Cai)taiu  (loro  wlio,  after  the  death  of  the  famous  t-xplorer  Captain 
Cook,  e\])lor('d  the  rncifK'  Owati  on  board  l\u)  Jit:s(Auii(m.  As  Cap- 
tain Gore  christt;iie<l  it  Sulpliui-  Island  it  bears  the  name  of  Iwojima, 
but  has  come  to  be  called  Naka-lwojima,  viz..  Middle  Bulphur  Island 
in  distinction  to  the  north  and  south  Iwdjima. 

This  island  is  like  a  gonid  in  shape,  extending  ton  sonthwest 
to  northeast.  It  is  more  than  24  kni«  in  oiicamferenoB  and  1895 
hectare  in  area.  Esoept  at  the  neol^  the  idand  is  sorronnded  bj 
precipices  facing  the  sea.  The  coast-line  of  the  island,  together  witti 
that  of  Kita-lwojiiaa,  was  made  known  by  the  sun'oy  of  ]Mr.  Okauioto 
in  the  year  1904,  but  tlie  relief  of  the  interior  has  not  yet  lieen 
ascertained.  Fig,  1,  Plate  III  is  a  to]K)graphical  map  drawn  on  the 
basis  of  the  contour  of  the  island  by  Mr.  Okamoto,  to  which  I  have 
added  contour  lines  with  the  asf^stance  of  my  own  sketches  and 
inyestig^tions  of  part  of  the  island.  From  a  scientific  point  of  view* 
the  construction  of  ibis  island  is  of  great  interest.  There  stands  a 
low  toff-YoIcano  called  Motoyama,  which  occupies  the  greater  part  of 
the  island,  in  the  southwestern  extremity  of  which  rises  a  cone- 
shaped  volcano  called  Suribatliiyama  or  IMonnt  I'ipe.  These  two 
volcanoes  present  a  jieculiar  contrast,  tiie  sight  of  which  is  very 
impressive.  Fig.  2,  I'late  III  shows  the  view  oi  the  island  in  the 
sontheastern  direction  from  Nishirainato,  the  anchorage  of  regular 

1)  A  skstok  at  the  time  at  its  aotiTitj  ia  abowa  id  a  dbmt. 
S)  2r  38^  north  latitndo  and  141''  13^  oaat  longitude. 
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liners ;  Fig.  3'^  shows  tli^  viow  of  the  island  due  east  on  fclio  way  from 
2iiahiminato  to  Minami-Iwojima ;  and  Fig.  4  is  a  distant  view  from 
the  southeast.  This  hi>it  Bgure  is  drawn  from  sketohas  bj  tJie  late 
Fxof.  Y.  Kiknohiy  who  visited  the  spot  in  1888.  A  oompariaon  of  tiieae 
tiiiee  figai»s  will  make  it  easy  to  pictnra  the  topography  of  the  whole 
ialand.  In  natural  featurae,  as  mentioned  abore,  Kaka-Iwdjinia  is  of 
a  nniqae  ehamoter  and  no  doubt  the  most  interesting  member  of  the 
I\v6jifna  gronp;  bat  nnfoirtnnAtely  we  had  not  time  for  a  close 
examination,  spendiug  only  :i  fow  liyiirs  in  mspuctiug  n  part  of  Moto- 
yama.  As  i-egards  Alt.  Pipo,  wo  liad  no  opportnuity  of  climbing  it,  and 
it  is  a  matter  of  great  regret  that  I  cannot  make  a  full  report  of  thin 
interesting  volcanic  island.  Wn  liave,  however,  n,  report  published 
in  the  **  Tdydgak^gei^zaashi by  the  late  Prof.  Y.  Kikuohi  who  landed 
the  Island  and  inspaoted  more  espeoially  M  t.  Pipe.  Again*  Dr. 
Johannes  Petersen  pabluhed,  in  his  "Beitrage  xnr  Petrographie  von 
Snlphnr  Island,  Feel  latand,  Oftohijd  and  Miyakejima**  (1890),  a  short 
report  of  Dr.  Warburg  (who  visitsd  and  eolleeted  rocks  ^ere  in  1887) 
togtstlior  witli  a  detailed  account  of  Jus  owu  microscopic  iuvoHtit^atiou 
of  the  rocks.  Although  Motoyania  occupies  90",,'  of  the  whole  island,  it  is 
a  low  plain  liili  only  about  430  feet  high  above  the  sea  and  200  feet 
lower  than  the  Pipe ;  and  it  is  entirely  composed  of  yellow  tutT,  with  no 
traoe  of  lava-flows.  Indeed,  such  anoliher  pure  tuflf-voloano  is  not  lonod 
in  any  other  parts  of  onr  country's  posseasions. 

Motoifamarivfia  a  light  friable  ponuoeoiis  toff  of  pale  yelbwish 
red  ookmr,  the  greater  part  consistiiig  of  deoomposed  pumice 
powder.  Of  this  lafT,  two  difibrent  kinds  may  be  recognised: 
one  is  fiuo-graiuod  aud  liomogoucous  with  minute  black  Kpjts,  and 
the  other  is  somewhat  caarsc-graiutHl,  so  that  th(>  comixineut 
pumice  fragments  can  be  clearly  ol>3orved  with  the  naked  03'e.  The 
latter  is  usually  ibund  iormiiig  a  thin  layer  in  the  former.'^ 

1)  >!t.  Pipo  ia  Hoen  near  in  fron*. 

2)  A  scientific  jonrnnl  wriltea  in  Japtuiese.   Kiknchi's  report  appeals  in  Na  77  of 

3)  Tlio  toniiBr  ww  mentioiiMl  by  Dr.  Fet«nen  as  tqlf. 
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On  pounding  them  two  kindfi,  wnahing  off  the  ei&f  part 
produced  by  decomjx)sitiou  of  pninit'o,  romoviufi:  tlin  magnetito'^ 
fir)m  the  romainiug  snnd.  find  ih  m  saparating  them  hx  Tlioult  t'^ 
iiolution,  it  was  found  tliafc  there  existed  no  distinction  Ijetween 
them  in  point  of  mineral  oompodtion ;  that  is  to  saj,  the  minerais 
wete  apatite  and  monoclinic  pyroxene  that  were  fleparatecl  bj  deme 
aolntion,  the  apeeifio  grayitj  of  which  was  from  2*8  to  3*1. 

The  apatite  is  of  a  colonrleei  transparent  long  prismatic 
oiystal  of  rery  distinct  ontline.  It  is  often  1  mm.  long  and  is 
composed  of  xP,  P  and  rarely  oP.  What  is  most  wonderfnl  in 
it  is  tlie  pla.ss-inc!osni'es,  which  often  assume  tlio  form  of  p.irent 
mineral  after  the  stylo  of  negative  crystal.  Most  of  them  contain 
immovable  bnbblen  (Fig.  1,  PL  XI).  Incloeurea  are  oocaaicmaUj 
light  blown,  bnt  generaUy  oolonrkaai  some  with  a  dark  opaqne 
sabatance  in  one  part.  Dr.  Peteraen  aajs  that  some  of  the  inclosncee 
are  liquid. 

The  monodinic  pyroxene  is  generally  separated  in  irregnlar 
broken  pieces.   It  is  fresh  and  sharply  edged,  and  is  composed 

of  QoP,  ooPoo,  »Pqc,  P  find  rarely  oP.  Tlie  pleochroism  is 
uncomraouly  conspicuous  and  varies  l)etweeu  c  siuarngJ-groon,  b 
olive-green  and  a  grayish  green.  ^  :  c  in  the  symmetrical  plane 
varies  from  50^  to  54^.  It  contains  a  great  quantity  of  aoieolar 
apatite^  magnetite  and  glaesy  snbstances  in  inoloeotes. 

The  feldspar  may  be  separated  by  a  solution  of  from  2'5  to 
2*37  speoifio  gravity  and  is  obtained  in  cleavage  slices  or  in 
irregnlar  broken  pieces.  It  is  in  most  cases  decomposed,  and 
some  of  the  pieces  are  covered  with  ocdonrlese  micaoeons  scales, 
nearly  liexagonal  Avith  louiiJ  jujuj^ius  and  with  a  gray-coloured 
si>  )fc  in  each  centre,  as  shown  in  Fig.  4,  PLiio  XIF,  or  partly 
altered  into  clayey  substance.  Dr.  Petersen  infers  this  feldspar 
to  be  orthoclase  from  the  absence  of  twin  laminae  and  from  the 


1)  IbgiMtite  ooBui  in  gnat  ijaiuatity  in  oetiih«dnil  eryttiO*  or  in  ImgnUr  gnioa. 
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optical  orient/itiVni  on  P  and  M :  \m\,  besides  this  questionable 
orthoolase,  twinned  fe!d  jnr  unobseiTed  by  Dr.  TV^t^Tseu  can  be 
found  in  considerable  aboudance.  This  twinned  feldspar  is  in 
all  probabOitj  oligpobaa  fwi  judged  by  opUoal  relation.  It  con- 
tains  blown  and  oolonrless  glass  vitli  gas  bnbljlss  and  apatite 
needles  in  indoanxes. 

Ill  sboit,  this  zook  is  of  an  entiielj  dtfiiBrent  natnre  from 
those  ejected  from  the  Pipe  witli  respect  to  the  nattufe  of  its 
aiigit*;  aiul  IcldKpar,  and  tho  absouco  of  olivine  ;  neither  does  any 
relation  seem  to  exist  Ix.tw.^on  the  rock  in  question  and  those 
of  the  New  Island  with  the  exoeption  of  the  resemblanoe  of  the 
apatites.^) 

As  has  alzeadj  been  said,  thongh  Motojamartnff  is  nniform  in 
texture,  yet  some  ooarae-gtained  parts  are  imbedded  eTeiywheve ;  so, 
as  a  whole  mass,  it  olearly  pieeents  maihs  ol  bedding;  and  the  whole 
stratum  desoends  obliquely  in  all  directions,  dipping  slowly  from  the 

cftiitral  ]),irt  of  tlu;  momitaiii,    'i'his  stratum  towards  tlio  sou  iuisumes 

a  t(!rraco-lik('  form,   with  precipictjH  prosontiiij^  rntiuirkablo  traces  of 

wave  abrasion/'    Tlie  flights  of  those  tornvces,  of  tuff  consolidated  at 

the  floa-lxittora,  terminating  in  tho  afore-said  manner  or  found  in  the 

form  of "  Tisdistein,"  are  sliown  in  Fig.  2,  Fhhte  VI.  The  formation 

is  a  reKc  of  abrasion,  and  is  a  clear  proof  of  the  upheaval  of  gronnd 

in  Motoyama.    I  have  also  disoovered  two  other  wonderful  facts 

strongly  oonfirming  my  inference.    One  is  that^  as  is  shown  in 

Fig.  1,  Plate  VI,  at  the  height  of  some  430  feet  in  tho  mountain, 

inadroporo  (>oral.s  chi-st'n-  toguther  here  and  there,  forming  thiu  coral 

itjefs,  most  of  which  In  Ioii;^  t'>  thf^  living  Stylophora  species  (I'late 

VII).    These  coral  lYiofs  struck  ran  with  delight  when  1  found  that 

they  bore  very  little  mark  of  weathering,  still  retaining  their  life 

appearance  thoi^  blackened  on  their  surface,  and  standing  in  bold 

relief  upon  the  tnff.    This  goes  to  shonr  that  the  elevation  of  the 

1)  Compoie  I^.  1  andng.  8  in  Flute  XL 
%)  Tid  dMtclwa  or  Plftto  m. 
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Toloano  is  of  mneh  later  oooanmnoe  fhan  is  geoAzally  supposed.  The 
ofher  fiust  is  that,  tognther  irith  these  ooial  veefii,  many  tnfT-pebblM, 

which  assunio  tho  round  llathMied  form  so  cliaractoristic  of  a  sui'f- 
l)eaten  beach,  am  fouud  ovoiywhoro  on  tho  moimtain.  Thus  there 
18  no  room  for  doubt  tlmt  this  island  was  formed  with  suddenness 
nob  long  ago,  and  from  this  fact  it  is  also  dear  that  the  tuff  ol 
Motoyama  is  a  sedimentexy  deposit  of  the  searbottom. 

I  may  hem  add  that  aoooxding  to  some  inhabttants  who  im- 
m^ptated  here  some  years  agOb  tiie  Lmd  hi  still  nprisific^  most 
ocmspionoasly  so  at  the  neck,  east  of  Mt  Pipe.  Its  nocthein  shore 

formerly  the  anchorage  of  vessels  which  visited  the  place,  bnt 
owinj?  to  tilt)  gr-'^liiiil  rising  of  the  8en,-lK)tU)m,  it  ceased  to  aflbrd 
shi^lter  for  vossois,  and  mariners  have  been  obliged  to  choose  Niahi- 
minato  iostead* 

TJuw  we  see  it  is  of  oompatatiirelj  recent  occurrence  tliat  the 
whole  mass  ol  Motoyama  Tolcano  was  elevated  above  the  surface  of 
tiie  sea ;  but  the  formation  of  toff  on  the  sea-bottom  is  no  doabt 
anterior  to  thut  of  Ht.  Pipe,  as  will  be  pioved  below.  Since  the 
formation  of  tufl^  Motoyama  h^s  gradually  diminished  in  activity,  till 
at  present  it  hfis  only  abont  ten  aolfataias  on  the  top.  As  is  shown 
in  the  topoj^raphical  map  in  I*liit<j  III,  tho  solfatiiras  im\  HcuiU^rod 
in  a  (Winparativoly  large  area ;  moreover,  esieh  solfatara  seems  to  have 
had  its  own  fate,  and  frequently  changed  its  position.  It  may  also 
be  inferred  by  the  presence  of  the  above-mentioned  corals  in  their 
midst  that  ooma  of  these  solfataras  were  prodnoed  after  the  appearance 
of  tlie  vdcano  above  the  sor£aoe  of  the  sea.  Among  these  solfatares, 
the  central  Motoyama-flol&taxa  and  Foruyama-solfatare  abont  160  m. 
nortii  of  the  above  are  ejecting  sulphuroos  vaponra  in  the  greatest 
abundance  at  the  present  time.  Again,  on  the  shore  of  Nishiminato, 
the  only  landing  placn  of  the  island,  a  hot  sprin^j;  is  said  to  1«  seen. 

It  is  a  fact  no  loss  noticeable  that  tlio  entire  surface  of  Moto- 
yama is  covered  with  volcanic  sand  or  lapilli  varying  in  size  from  a 
rice^ain  to  that  of  a  pea.   These  volcauio  sand  and  lapilli  are  corn- 
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posed  of  various  volcanic  ejootamenta,  sm-h  as  black  obsidian,  spougy 
pumice,  reddish  lava  scoriie,  dark-coloured  lava  fraj^ments  with 
phenocrysts  of  feldspar  and  isolated  felds[)ar  crystals,  etc,  Tliej  are 
evidently  not  from  Motoyama,  but  hom  Mt.  Fipe,  seeing  that  the  petzo- 
graphieal  nature  of  the  saud  bears  no  resemhlanoe  to  the  ejeotamenta 
of  the  focnnr  but  is  similar  to  fiiose  of  the  latter,  and  bigger  gEains 
ave  ibnnd  in  greater  quantitieB  as  we  approach  Mt.  Pipe.  Dr.  War- 
haxg  and  Dr.  Feteraen  vera  oertoinljr  mistaken  in  sormiBing  that  feld- 
spar crystals  and  other  ejeota  had  been  B^;ianited  from  Motojamartnff 
by  weatlioriiig. 

Tho  most  iukrt  sting  of  these  volcanic  sands  is  the  crystal  bomb 
of  feldspar  coated  Avith  a  thin  crust  of  black  glass,  some  samples  of 
which  ai'e  so  large  as  to  re:ich  15  mm.  in  length.  The  crystal  habit 
is  tabular  owing  to  the  deTelopment  oi  M  looe,  and  in  most  oases 
two  or  three  eryslals  peiMtcate  each  other  obliqiielj,  thus  forming  a 
Idnd  of  twin.  The  smfsces  of  the  czystals  are  generally  xoQfi^  and 
both  their  angles  and  edges  are  worn  and  more  or  less  ronnded, 
though  not  utterly  obaente.  In  them  Jf  is  best  developed,  P,  T  and 
I  are  in  narrow  belts,  and  Carlsbatl  twin  is  invariably  developed.  From 
their  extinction  angles  which  are  -1"  ou  1'  and  on  J/,  it  may 
be  iufeiTe<l  that  they  are  of  a  kind  of  andesine.  The  crystals,  though 
quite  iiesh,  are  full  of  yellowish  brown  glass-indosnreB  which  are 
arranged  zonally  i^bng  the  eleavage-face.  In  those  respectef,  they  bear 
affinity  to  the  feldspar  in  the  pumioe  of  the  New  Island. 

As  mentioiied  before,  this  feldspar  sand  is  gennaUy  crusted  with 
a  tiiin  black  g^asery  coating;  even  where  part  of  ilie  coating  is 
wmrn  out  by  weathering  a  sponge-liko  glass  still  remains  ottering 
iu  tilt;  icentiaiit  ai)f<lo  of  the  crystals.  This  gUss  coating  is  very 
Himilar  to  the  ground-mass  of  glassy  andc^sito  foruiiug  part  of  Mt. 
I'ipe,  from  which  wo  sec  that  this  feldspar  sand,  as  is  the  case  with 
tho  anorthite  bomb  at  iMiyakejima''  already  studied  by  the  late  Prof. 

1)  On  Anocthlte  fnm  lUjMk^jiina.  The  JoanU  of  the  College  of  Seienea,  hnper. 
Univ.  m  U. 
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Kikuchi,  was  once  floating  in  magma  at  th  '  ( raUu  lx)ttom  of  the 
volcaDo  Pipe,  and  was  ejected  together  ^itli  uther  volenuic  sands 
doling  the  sabeeqnent  eraptions.  Thus  (he  ieldspar  bombs  in  these 
two  plaoes^one  andesine  and  tbe  otlier  anartliite— am  different  in 
composition  and  cvystal  habit^  bnt  the  same  In  the  mamm  <rf  ejection. 
It  is  an  interesting  fact  tliat  similar  feldspar  bombs  are  also  foond  in 
6ahinia  and  HBchijojima»  so  that  fjiis  plienomenon  seems  to  be 
charaoteiistio  of  the  Fnji  rdcauic  zone. 

The  volcanic  saiul  mixed  with  feMsjKU  t  rvsl ,ds  is  foaud  lying 
tliii  ker  on  the  ground  an  we  appmuh  Mt.  Vipo,  at  some  points 
reaching  oTea  Uie  ihickness  of  10  or  12  inches.  In  the  vicinity  of 
the  Fipe  tliere  are  scattered  lava  blocks  of  varioivs  sizes  and  shapas» 
half  bniied  in  the  «inds.  They  are  somewhat  soanscioos  and  have 
tabnlar  phenodysts  o!  plagjodase  in  the  gronnd^mass  of  dark  gray 
oolomr.  PetrogEaphically  they  are  of  tiie  same  quality  as  a  hind  of 
lava  which  oomposeB  the  oone  of  the  Fipe.  The  most  noticeable 
thing  about  these  lara  blocks  is  that  wind  ablation'>  is  very  conspiowms 
in  tlieui,  /uid  is  expressed  in  virions  stages  :  tlms  some  of  them  liave 
their  e-\]X)sed  parts  considcraMy  erroded  into  a  |x>eulifir  conical  form 
whilst  they  almost  keep  their  origiuui  form  only  in  the  lower  parts 
buried  in  the  sands ;  some  have  a  crown-like  to])  wliilst  they  liave  the 
feet  of  their  exposed  portions  greatiiy  worn ;  and  others  have  lost  even 
their  cvowns  throD^  the  influence  of  the  wind,  so  that  their  suifaoe 
is  vednoed  to  the  same  level  as  that  of  the  sands.'' 

To  oondnde :  Motayama  is  an  elevated  sabmarine  volcano,  whidi 
once  ejected  a  gi-eat  quantity  of  pumiceons  ashes  and  formed  the  so- 
called  Motoyama-tuff  under  water ;  soon  after  the  formation  of  the 
tuff  was  completed,  Motoyama  became  weakened  in  volcanic  activity 
without  effusing  any  lava,  and  at  tlie  same  time  heaved  itself  up  at 
a  rapid  rate,  mitil  its  top  got  to  the  height  of  430  feet  above  the 

1)  Tho  pn  viiiliiij-  wiiul  in  the  islnnd  is  ftom  the  south. 

2)  ct.  Juurnal  of  GL«ogpiphy  (in  Ja|iancM]),  No.  2U2.  '•  Ueogmpbical  Irip  to  the 
N«w  Balphnr  Idttid"  bj  M«.  Bi»t5  {lUgalauM). 
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sea  levol.  Tliis  ui^Mftval  of  the  luanntam,  be  ii  remembered,  seems 
to  be  still  going  on.  « 

Suriback^ama  or  Hi,  Fipe. — ^We  fonnd  no  opportanify  of  i&speci- 
ing  tliia  moimiQiD,  of  wUdi,  bowever,  an  expl<vatt(xa  was  made  by 
both  the  late  IW.  Riknchi  and  Dr.  Warbaig.'^  The  farmer^s  report 
appealed  in  the  *' T6y(^iik\igei-zaaBhi "  and  the  ]attor*s  in  Dr. 
Petersen's  "  Beitiage  ",  as  before  menUoued,  and  it  is  to  these  reports 
as  well  as  l^nki sen's  studies  on  rocks  that  I  owe  the  foUowiug  descrip- 
tion of  tlic  structure  of  the  volcano. 

Mt.  ripe,  entirely  different  from  Motoyama  in  all  rc5;x)eotfl)  is 
a  stiato-volcano  composed  of  ash  layers  and  lara  sheetH.  It  forma  a 
troacated  oone,  standing  aboat  640  &et  above  the  aea-Ievel  and  200 
feet  Ing^ber  than  Holojama.  As  is  ibe  ease  with  many  Tolcanoe^  it 
has  in  its  top  a  crater  in  the  shape  cl  a  bowl  at  the  Japanese 
'*  smibodii henee  the  name.  There  are  two  cveTioes  ejecting  steam, 
one  on  the  sooth  and  the  other  on  the  west  «de ;  and  the  former 
lias  a  sublimute  of  sulphur,  alum,  gypsum  and  jxjtassiuiu  salt.  ()u 
the  northern  side  of  the  crat-ti  a  deep  valley  (jjerhnps  bananco) 
opens  upon  the  sea.  Alternating  stratti  of  aslies  and  la\as  are  found 
sloping  down  from  the  crater  on  all  sides.  Prof.  Kikucbi  writes  that 
the  fonnaation  d  the  Tobauo  Pipe  is  a  horizontal  layer  ol  gray  sandy 
vdcanio  ashes*  which  is  composed  of  glassy  snbetanoe  probably  sedi- 
mented  in  the  water  (Fig.  6a,  Fl.  m).  The  professor,  as  it  seems, 
oonmdeied  that  it  was  of  the  same  ori^n  as  the  so^saBed  Motoyama- 
toff,  but,  I  mnst  venture  to  say,  there  is  not  sufficient  reason  to 
believe  in  their  brotherhood.  Covering  this  fundamental  asli  layer, 
there  are  soino  lava  beds,  which  form  a  precipice  of  about  100  feet 
in  height  (Fig.  5b,  li.  Ill),  partly  cracked  into  a  >ortical  prism.  It 
is  these  Livas  tlwit  are  mentioned  by  Ur.  Petersen  lu?  glasiger  AvgU' 
andeeii,  Blmssleinariiger  Augilandeeitt  ScIiivefd/'uIwendBr  Augiicmd^i, 
Ac.  Most  of  them  are  in  (he  &irm  of  lAa/ck  vitrophyxio  rocks,  con- 
tainuag  tabular  crystak  of  plagiodaae  in  a  compact  oar  porous  ground- 

1)  loo.  toL,  p.  7. 
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mass*  Under  the  mioroscope,  cligoclaae^  mooodiiuo  angite,  oltTiaeb 
apatite  and  magnetite  are  moogDizable.    Of  the  groand-mass,  sotne 

aro  hyalopilitic  and  tlio  others  glaasy,  all  containing  nugite-niiorolites 
and  otlior  devitiified  products.  Those  piuts  of  the  Liva  which  wei-e 
subjected  to  the  iufluetice  of  sohatniic  action  are  now  bleached  into 
white  or  light  gray  colonr.  OrerlyiDg  those  lava  beds,  and  composing 
the  greater  part  of  the  volcano,  ore  gray  aahea  oontaiiiiDg  plagioclaae, 
angite,  oliTiue,  magnetite,  apatite^  besides  compact  or  pnmiceoiis 
glaaae^  together  with  vaiions  deoompositiOAi  ptoduots. 

In  a  word,  Mt.  Pipe,  verj  difliwent  horn  Motojama,  is  a  strato- 
Vfllcano  aotive  until  recent  times.  After  tiie  first  ejection  cf  Tolcanio 
ashes,  hard  biva-sheete  were  formed,  which  made  the  mountain  solid 
find  procipitouH,  forming  iL.^;lf  iuto  ;l  tnmcat<'d  tone  quite  uiiiiit;  ihat 
ul  Motuyama;  and  it  is  of  recent  occurrence  tiiat  it  ejected  the  alwve- 
mentioned  feldspar  crystals  and  various  volcanic  sands  now  covering 
the  whole  island. 

Thongh  we  may  assert  that  these  two  volcanoes  entiiely  differ 
froju  eadi  other  in  their  stractnie  and  oompcsiUon,  we  cannot  say 
that  they  have  no  relation  whatever  to  each  other.  Indeed,  the  fact 
tiiat  after  throwing  out  volcanic  adiea^  jHoteyama  became  inactive 
without  any  efiosion  of  lava,  may  have  been  the  resnlt  of  the  sub- 
terranean magma  tiudiug  its  own  \v;i\,  which  culminnlod  in  the  for- 
mation of  the  pitiful  iitrato-volcauo  of  ^t.  I^ipe. 

3,    M i nfmiUlwoJima  {Stui  Auf/ustino  Island). 

Minami-Iwojima  or  Sonth  Snlphur  Island  is  the  sontfaem-most  of 
the  three  principal  idands  of  Iwqjima  gcoap,  and  ite  geographical 
position  is  cl  24*^  14'  north  latitade  and  141^  29'  east  loogLtnde;  being 
in  about  the  same  latitude  as  the  middle  part  of  Formosa. 

This  island,  3039  feet  high,  is  a  steato-volcano  of  a  conic  form 
and  of  the  same  tv))i^  us  tli  ■  volt  a  no  Pipe  in  Naka-Iwojima  and  llio 
volcano  of  Kitn-T\s6jima.  iiie  outline  of  tiio  istland  is  ahuost  sphoiicaJ 
uud  it  is  only  8  km.  in  circumfereuco.   The  mountain  sittes  are  all 
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very  steep  and  .slopo  ])r.icipitonaly  to  the  sea  with  n.n  iuclina- 
tion  of  about  40**,  without  leaving  auy  level  groumi  at  the 
foot.  Tlie  top  Ls  almost  alwAjs  invisible  from  the  sea,  being  ooreied 
wiih  dense  cloodi.  (Fig.  2,  Fi.  V  and  Fig.  1,  PI.  IV.) 

The  moimtBui  sidee  ore  OTexgrovn  with  small  bnsbes  down  to  the 
middle  bejg^t^  but  below  no  Tegetaticm  is  fonnd  and  ban  agglomerates 
and  lavas  rise  above  the  gronnd  at  a  dip  of  abont  iSO".  Onlj  the 
northeastern  side  with  uo  verdnre  is  entirely  of  mst  colonr  from  the 
iu^hes  which,  it  in  said,  covered  it,  at  the  time  of  the  eruption  of  the 
New  Tshmd. 

Thin  isltuid  has  not  been  iuliabited  for  a  long  time,  so  that  our 
knowledge  of  it  is  very  limited. 

THE  NEW  ISLAND. 

HiMory  <^\U  ErupfAon^—Wa  ish^nd,  the  exploration  of  which  was 
the  chief  oljjeot  of  our  trip,  made  its  ai)peanuiGe  in  November  1904, 
3  nantioal  milen  northeast  of  Mfnami-Iw5jima.    On  approaching  it,  as 

mentioned  in  thn  lutivHlncliDn,  1  fouml  the  greater  part  liatl  ah>!;u]y 
1)0011  ;Ll)ni(lod  nway,  and  lo-it  for  f-vi>r  tlie  opportunity  of  itispoct- 
iug  it  in  pjr»on,  so  that  I  am  iu  no  position  to  give  any  detailed  account 
ol  its  formation,  and  all  I  can  now  do,  \h  to  state  my  scieutiBc  inference  on 
tlie  subject  from  the  report  of  an  expknation  effected  by  some  inhabitants 
of  Iwdjima  soon  after  the  ernption.  The  following  is  a  translation 
of  some  extracts  from  their  report  (in  Japanese) : 

"  A  noise  like  tlie  roaring  of  a  cannon  was  heard  from  the  south 
of  Iwdjima  on  and  after  November  Idth,  the  37th  year  of  Meiji  (DOi). 

On  the  28th  of  tin  s»imo  mouth,  at  8  p.m.  a  feather  of  smoke 
was  seen  about  nautical  milf»s  east  of  M.-Tw6jima.  At  first,  wo 
thought  that  it  was  th  n  sniokti  from  a  man-of-war  at  sea,  and  it 
was  abont  an  hour  later  Avhou  dark  smoke  came  to  be  seen  hurled 
np  in  greater  quantities  that  we  realised  the  cause  of  the  pheno* 
menon.  That  day,  however,  there  was  no  such  noise  as  had  been 
heard  before.  After  a  while,  the  dark  smoke  changed  its  colour  now 
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into  white  and  then  into  zed,  aometlines  rising  in  fall  foioe  and  the 
next  moment  mibBiding.    At  night,  liowever,  notliing  could  he  seen. 

Oil  Iho  ~)th  of  Decombor,  wo  first  caught  sight  of  an  islet  Ijiug 
amidst  thn  smoke. 

On  the  Sth  of  the  same  nionth,  tho  said  new  island  liad  the 
appeaianoe  of  three  siaallar  ones  granped  together;  bnt  of-oomae  it 
■was  not  certain  whether  a  gnmp  of  three  leally  existed  or  simply 
appeared  to  ezist^  owing  to  the  presence  of  vapour  brewed  hy  the 
eruption. 

On  the  morning  of  the  12th  ol  the  same  month,  the  sky  cleared 

up  and  the  island  mnde  its  full  appearance.  It  was  then  single, 
iookinpj  somowhfit  higher  in  tli(>  (;.'isteiii  part,  and  level  in  the  western. 

On  iliii  14th  of  tlio  sarao  month,  tho  island  assumed  the 
appearance  of  a  long  one,  at  ouo  time  emitting  white  smoke  and  at 
another  dark  smoke  from  the  middle. 

On  Jannary  2nd  of  the  28th  year  of  Meiji  (1905);  tlie  island 
changed  in  shape  growing  higher  in  the  western  part,  and  emitting 
a  little  white  smoke  from  the  mid  part  Abont  3  o*dook  p.m., 
however,  there  buzst  forth  volnminons  dark  smoke  which  was  foUowed 
by  white  after  twentf  or  thirty  minnteR. 

On  the  oth  of  Jaaiuay,  thu  immigv.mts  in  Twojttna  mot  together 
and  deeid*vl  to  atk^iipt  an  exj'vlor.ilion  ilmve  and  reiwit  its  result  to 
the  isinnd-ollice.  When  volunteers  for  tlie  proix)Sod  adventure  were 
called  for,  ten  men  responded,  ail  determined  to  sail  to  the  island  in 
a  boat  and  a  oanoe. 

They  comm^ioed  preparations  on  January  6th,  and  made  sevend 
attempts  to  pnt  to  sea,  failing  each  time  on  account  of  bad  weather. 

The  weather  becoming  6ne  on  Jannaiy  dlst,  they  at  last 
snooeeded  in  getting  to  M.-Iw6jima.  This  island  being  near  the  new 
vok'iiiiic  isLiia],  nearly  tlu;  ^vltolo  surface  Avas  covered  wiih  tx^hc^,  nnd 
the  plants  had  all  witlioiod,  except  in  a  sinaU  part  in  the  soutli- 
wcst.  Much  dehriti  of  pnmiue  was  found  thrown  up  on  the  coast 
round  the  island. 
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On  th«  1st  of  Febiiiiirv,  they  sniled  out  from  M.-Ivvojiinn,  and 
nrrirod  at  the  New  Tslnnd.    Tlio  "w.ivos  on  tin;  sIioto  made  laud- 

ing yerjr  diffionlt ;  moreover,  as  it  was  only  a  few  days  af tar  the  erup- 
tion, the  party  wm  exposed  to  great  danger  in  the  attempt. 

They  then  made  a  step  surrey  and  slcefadi  of  the  idand,  and 
collected  samples  of  stones.  The  island,  as  will  lie  seen  from  the 
sketoh  in  the  appendage  (Fig.  4,  PI.  IV.>,  was  about  3  mike  in 
cnroumfereDoe,  the  highest  portion  standing  abont  480  feet  above  the 

sea.  There  was  a  small  pond  in  the  northern  flank  about  half  a  mile 
in  ciicumference,  where  vapour  was  risinpr  ]5iofnsBlj.  lu  all  i)io- 
Imbility  it  had  been  a  crater.  TIih  north  b  iak  of  the  pond  boiny; 
only  3  or  4  feet  \ng^,  the  sea- water  probably  li  id  used  to  run  into 
the  pond  when  high  waves  came.  The  south  l)ank  was  precipitous 
and  its  highest  portion  formed  the  summit  of  the  island.  Though 
the  island  was  composed  of  hardened  locks,  the  surface  was  all  cover- 
ed with  loose  ashes  about  5  or  6  inches  in  thickness.  It  was  about 
200  acres  in  area  and  almost  flat  on  the  top,  smronnded  by  narrow 
sbore-pbun  120  or  240  feet  wide.  ««**••*' 

Tlie  rejwrt  of  the  itnnitgrauts  above  quoted  tells  us  that  they 
iiad  heurd  sounds  like  cannon  since  tUi^  lith  of  November— a  very 
common  phenomenon  foreboding  the  coming  eniption  of  a  volcano ; 
and  it  may  be  safely  iufen'od  that  the  vapour  at  the  bottom  of  the 
cratw  was  already  growing  active,  its  ocpansaon  causing  tiie  movement 
of  the  magma.  At  last  the  emptioa  began  in  earnest  at  10  a.m.  on 
the  28th  of  the  same  month  with  the  btxrsting  forth  of  smoke;  and 
the  islaod  made  its  appearance  on  the  6th  of  December,  thoogh  it 
changed  its  shape  and  the  colour  erf  its  smolra  veiy  often.  The  white 
smoke  showed  that  men*  vapour  unaccompanied  by  volcanic  aah^  was 
then  l>eiug  ejected,  jiud  the  change  of  its  colour  into  bbick  or  red  told 
that  volcanic  ashes  together  with  va])onr  had  Ix'^nu  to  be  thrown 
forth  in  large  volumes.  As  regards  the  clumps  in  the  shjn)e  of  the 
iskwd  during  its  eruption,  tiiey  may  be  aeoonnted  for  by  the  con- 
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jeetaxe  that;  while  laige  qnaiiftities  of  new  aahas  w«re  aooumnlated  at 
one  point,  thom  'wbSmh  had  alrradyheen  aoeanrahited  at  aaoUwrweie 

blowii  HWJiy  by  oxplosious.  In  other  words,  the  balance  of  these  two 
controvorting  processes,  constructive  and  deatiuctivo,  must  have  deter- 
mined the  shape  of  the  ishind.  I  feel  still  more  coutannad  in  this 
oonjeotora  when  we  consider  th^t  iU  centra  of  eruption  seems  to  have 
changed  from  time  to  time. 

What  mahee  me  more  legretf  a1  tiian  anjtiiing  else  is  lhat  we  axe 
onable  to  aaoertain  the  component  matexials  of  the  idand,  ainoe  no 
moha  wave  odleeted  fhexe^  except  pomioe-dAizis  which  had  been 
beached  by  the  waves.  It  aeem«i  that  theae  pnmioe-d^briB  axe  part 
of  what  were  efiused  in  a  lava-flow  into  the  sea-bottom  daring  the 
eruption  and  were  broken  o'X  and  thrown  upon  the  beach  by  the 
waves.  Mr.  Azuma,  one  of  tlic  oxploitijs,  told  me  that  what  U  iiieu- 
tiiuied  as  "  rock  "  in  tl)e  report,  which  formed  the  frame  of  the  island, 
wa.s  of  the  same  quality  as  the  yellow  tuff  of  Motoyama  in  Iwojima. 
Though  of  coaiee  it  is  not  to  be  beliered  that  tl»  lock  was  enttzely 
«{  the  same  cslasa  as  tiie  toff  of  Motoyama^  at  least  it  is  evident  that 
the  New  Idand  was  not  ccmposed  of  any  zeeistant  haid  lava.  On 
eromining  tiie  "  aahes  *'  which  axe  deaozibed  in  ihe  veport  as  having 
covered  the  '*  voek  **  to  the  thickness  of  5  or  6  inches^  I  loond  that 
they  were  a  fine  silt  of  light  gra}-,  or  nothing  but  pumice  in  powdery 
form ;  and  under  the  miewscopa,  T  also  found  them  to  contiuu  the 
same  plagiodase  and  augite  aM  axe  seen  in  the  pumice  blocks  collect- 
ed. It  is  most  probable  that  the  New  Island  was  constmoted  of  loose 
vdcanic  pfodncts  as  is  the  case  with  many  marine  voksanoa^  consid- 
ering that  the  shape  of  the  island  <^n  changed  during  the  emption, 
as  mentioned  in  Hie  report  of  tiie  explorezs. 

The  nest  sobjeot  which  demands  omr  investigation  is  the  shape 
of  the  island.  AoooxdiDg  to  the  report  and  the  sketch  by  tiie  ot- 
plorers,  the  island  wa.«;  at  first  of  egg-shape  about  3  miles  in  circum- 
ference and  200  iuiias  iu  area.  The  highest  jK»int,  180  ff^et  above  the 
surface  of  the  sea»  was  in  the  northern  TpMi,  which  formed  the  big- 
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get  end  of  tiie  egg,  tlie  smfnoe  of  tiia  isknd  abwly  inciimng  towaid 
the  flooih  (the  cli]>  Kiug  about  12?  aoooidiiig  to  the  explonro*  slntoih) 

vriih  no  ragged  contours,  while  the  northern  is  very  steep,  nearly 
vertk-iii.  lionoiith  this  precipice,  thoi«  wjuh  h  lon^  r\]\])Vicn\  ]>ond 
tibout  2400  fe«t  in  circujnfeieiuc,  tlie  northern  side  suvroumled  with  » 
barrier  only  'i  or  4  feet  ht^Ii ;  and  from  some  parts  of  the  pond 
Tapoar  was  riaing.  From  ihia  £aet»  we  may  dearly  oonoeive  that  the 
pond  of  the  northern  end  was  the  oentie  of  eraptiou  or  crater,  that  the 
iahiDd  was  but  a  portion  of  fhe  crater  rim  appeariog  abore  the  smv 
face  of  ilie  Ma»  and  that  the  bevrier  burderiog  the  nortlL  margin  of 
the  crater  pond  was  of  pomioe-d^brifl^  drifted  upon  the  island  by  the 
wind  like  those  forming  the  h^noh  ronnd  the  island.  The  formation 
of  such  a  pumice  banit^r  whh  probably  owing  to  the  presence  of  a 
liiddou  reef  fonning  a  portion  of  the  crater  rim  iu  tlie  north  of  the 
pond.  It  is  also  obvious,  from  tlie  explorers'  repjit,  that  explosion 
had  played  an  important  role  in  the  cru])tiou  of  the  New  Island,  that 
the  greater  part  of  the  crater  rim  once  formed  there  had  been  demol- 
ished by  the  explosion,  md  that  the  !New  Island  was  notiiing  move 
than  that  portion  of  the  crater  wall  which  remained  free  from  the 
influence  of  explosion* 

I  beliere  that  the  pumice  which  wan  brought  back  by  the 
explorers  is  part  of  tlie  lava  effused  from  the  crater  after  its  chief 
explosion.  This  may  be  proved  from  the  nature  of  the  lava  which 
will  be  refeiTed  to  below,  as  well  as  by  the  fact  that  the  substance 
composing  the  body  of  the  island  was,  as  above  mentioned,  not  rock 
of  this  kind,  bnt  loose  volcanic  ashes  or  toffs.  The  Tomited  lava  did 
not  amount  to  sncli  a  laige  qnanlify  as  to  form  part  of  the  idand 
above  the  sea,  and  yet  was  snffioient  to  form  a  belt  of  gravel  beaoh 
lonnd  the  island  with  its  broken  pieoss  by  aid  of  the  waves.  An 
enonnoiis  qnantity  of  pnmice  fragments  was  also  scattered  about  like 
shrapnel  bnllets  by  the  eruption  and  carried  away  by  the  current  to 
considerable  disttinccs,  aiTiving  at  the  i  uuiu  Islands  and  even  as  far 
as  the  eastern  coast  of  Honshin  and  Kiukiu  Islands.   In  April  1906,  I 
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ooUeefead  a  namber  of  pieces  oC  drift  pumice  on  tha  eastern  coast  of 
Awa  PeQituraliH  of  which  the  petvQgraphic  similarity  with  those  of  the 
Kew  Islaad  has  been  pvoved  by  myself  by  micvosoo|Ncal  mvestig»tioiis. 
JdaOi  aocarding  to  the  repovt  of  Dr.  Nakamnra,  Director  of  the  Central 
MeteoTQlcigical  Obeerratory  of  Japan,  a  great  amount  of  pnmice^^btis 
arrived  at  the  eoast  of  Ishig:ikijima  in  Yayema  Ctronp,  Hinkiu,  from 
the  middle  of  M»v  15)05  to  the  beginning  of  .1uu«  of  tlie  same  year. 

Petrogmphij  of  the  Zava  of  the  Ifew  Island* 

(OUyine-augite-andesiU); 

a.)  JUicroftoojm  Features^  The  samples  given  me  for  inrestigattoii 
are  n  dark  brown  vitrophyric  rock,  consisting  of  two  difierent  parts, 
obsidian  and  pnmioe.  The  farmer,  as  its  pores  inoreaae,  gradnally 
pnsses  into  the  latter,  no  that  the  mnnner  of  gmdntion  is  observable 

iu  c)U<>  saiapl*?.  [*l;it<sYni  is  Uic  ])lit)l<j^ia{>li  of  ouv  of  these  sjiuiples, 
the  lower  part  Ix-inp  of  obsMi'vn.  tln>  uppor  pirt  of  ])uinico,  and  the 
middb  of  both  in  a  transitional  condition.  Such  au  orderly  transition 
of  these  two  parts  goes  to  prove  that  they  were  originally  of  the 
same  UTa.  Perhaps  the  npper  portion  of  the  lava,  which  nataraUy 
comes  in  contact  irith  8ea>water,  iras  coittalidated  into  a  sponge-like 
pamice  on  account  of  its  sudden  cooling,  while  the  lower  portion  where 
the  ooolmg  must  hare  been  oomparatiTdy  slow,  was  consolidated  into 
compact  obendian.  Under  Uie  microscops,  no  substantial  difference 
oan  be  found  between  the  two. 

1.1  Obsidiiiu  S<H'ti<in.  It  is  of  a  brownish  black  coluiu  and 
pikrb-liko  lustre,  and  preseuts  conclioidal  fracture  as  is  nsunl  witli 
this  class  of  rocks.  It  boiirs  compaiativel}-  large  cracks,  occasionally 
3  mm.  wide,  looking  as  if  cat  out  1>y  a  knife,  besides  smaller  ones 
running  across  in  eveiy  direction.  These  cracks,  however,  are  com- 
paratively  shallow  (none  being  deeper  than  2  cm.),  and  confine  thsm- 
selves  within  the  section  of  obsidian,  never  extending  into  that  of 
pnmioe.   The  ends  of  the  cracks  are  never  sliarp,  but  always  dull 
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When  ike  lava  was  aboat  to  cool  and  oonaolidate  itaelf  into  maases  in 
the  water,  large  eradts  ware  at  o&jce  formed  hy  the  contraction  of  the 
masaea;  and  no  womr  weie  the  waUs  ol  cmtka  snddenlj  cooled  by 
the  intrnBion  of  Bea-water,  than  the  second  cracks  weze  pvodoeed,  and 
80  on.  This  may  be  dearly  proved  by  the  rig^t  ang^  at  which  the 
htter-mado  cracks  ran  to  the  snrface  of  those  which  were  made  im- 
mediately before.  If  tlie  cracliH  liud  not  l)i>eii  formed,  the  obsidian 
would  thou  hrivo  remaiaed  J  ving  forever  at  the  Ixjttom  of  the  sea  and 
might  not  have  come  to  oar  hands. 

2.)  ruraice  Sectiou. — It  has  a  light  biDwn  ootoar,  with  some- 
what silky  Instre,  and  has  large  irregniar  pores,  Uie  greatest  diameter 
o  the  largest  one  reacddng  2  cm.,  beddes  smaJler  but  deeper  ones 
qnito  close  to  one  another  like  those  of  a  sponge.  Both  larger  and 
smaller  pores  axe  generally  lengthened  at  ri^t  angles  to  the  surface  of 
the  boundary  near  the  obsidian  section,  and  tnm  in  every  direction  at 
some  dtstanoe  from  the  boundary.  But  thnne  fornun^  a  sot  go  pantllel 
to  emdi  other,  us  is  seen  in  ordinary  }niaiic:^.  Tins  is  Avoriliv  of 
notice,  liecnuse  it  is  iutiuiuteh'  related  to  tlio  orij^jiin  of  i>orps.  To  my 
thinking,  this  is  how  the  pores  canui  into  oxiatemie.  Wlieu  lava 
streamed  oat,  the  water  in  the  niolteti  lava  turned  into  vaix>ur,  went 
up  in  innumerable  bubbles,  and  formed  viscous  masses  full  of  bubbles 
on  the  upper  part  of  the  flow.  Thus»  these  masses  of  lava  were 
consolidated  into  pumice  in  that  condition.  Larger  bnbhles  were 
formed  in  the  masses  by  aocidentAl  amalgamalaon  of  smaller  ones, 
and  sabse«|uently  Consolidated  into  larger  poi-es. 

Tn  the  pnmice  section,  na  in  the  obsidian,  tabnlar  phenocrystH  of 
feldsp  tr  and  mrely  small  ]»h(Mio;Tysts  of  uugite  and  olivine  can  be 
seen  with  the  nnkcd  oye.  Tlio  feldspar  is  of  a  <liill  colour  tontnining 
numeroas  glass  incloHurea,  Avhich  arc*  usually  crowded  in  the  n.iddle 
of  the  crystal.  Tlie  tabular  form  of  the  feldspar  is  very  pronounced, 
owing  to  the  development  of  bracbypinacoid.  Binary  Carlsbad  twin 
is  not  uncommon. 

In  the  pnmice  section  there  is  no  sign  of  the  presence  of  distinct 
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cracks  as  ill  tha  cas)  of  the  obsidiau  section,  bat  this  section  is  some* 
what  mom  eadly  fmofcured  perpendionlar  to  the  loqgitadinal  diraotkni 
ol  its  pores. 

SotttB  of  the  pamioes  which  wera  abnndaiitlj  fonnd  on  the  oobsIb 
of  the  Bonis  Idaiids  diflfor  a  bit  in  natave  from  that  abore  mentioned. 
Ftof.  Koto  made  mioroaoopic  examinations  of  some  of  these  pmnioes, 

and  found  tliat  they  contutn  u  great  qujintity  of  rhombic  pyroxeuo 
rare  in  tliat  of  the  New  Isl'tnd ;  from  which  it  b^oraos  tjuite  clear 
that  divers  kinds  of  pumica  arrived  at  the  IBonin  Islands.  We  can 
assume  from  tliis  fitct  that  there  are  frequent  submarine  eruptions  at 
the  bottom  ot  the  great  ocean  especiallj  in  the  neighborhood  of  the 
Fuji  volcanic  zone,  which  escape  oar  attention. 

b.)  Meroff^tiography,  For  the  purpose  of  miciosoopic  examina- 
ti<»i,  I  ont  the  obsidian  section  into  thin  slides^  and  treating  the  pnmioe 
section  by  ThonIet*s  solntion,  examined  the  two  sepaiatelj.  This  leyeal- 
ed  to  me  that  its  mini  lal  components  were  magnetite,  njwitite,  oUviue, 
mono(!liuic  ]n  ri)\mif>.  rliomhic  pyroxene  and  plagiocLise  (hem  named 
in  order  of  iudividuiilization).  These  occur  in  phenociyst  in  the  fjjround- 
uiass  of  light  brown  colour  (Fig.  1,  2,  PL  IX;  Fig.  1.  2»  3,  PL  X). 

Magnetite  oocuis  either  in  irraguUu:  grains  or  in  cubic  crystals 
with  more  or  less  loanded  margins.  It  is  often  enclosed  within  other 
essential  components,  especially  angites.  This  readily  leads  to  the 
conclusion  that  it  is  the  first  of  the  individualixation  pvodncts.  Apart 
from  this  no  metallic  mineral  can  be  fonnd. 

Apatite  occui-s  in  prismatic  crystals  of  »  regtibir  outline  and  its 
transverse  section  is  hexagonal.  It  tenuiuiites  either  in  1*  ur  in  P 
and  oP,  and  luis  n  <!lejivjige  charactoriatic  of  this  mineml  crr)S.sing  the 
main  axis.  It  demands  our  special  attention  in  tliis  ihixt  it  1ms  glass 
inclosures  uf  a  light  brown  colour  having  tho  form  of  negjitive  crystal 
as  in  the  case  of  apatite  in  Motoyama>tnfiL  Many  of  the  inclosnies 
contain  immovable  air-bobbles  (Fig.  2,  Fl  XL). 

Olivine^  (hough  less  than  one  fifth  of  augite  in  quantity,  is  found 
within  almost  every  thin  slide,  and  is  separated  together  with  anglte 
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and  apitite,  by  meaJDs  of  Thonlet's  solutiou  of  3.1  or  3.2  in  s^iecifio 
geavitj.  It  does  not  exceed  2  mm.  in  diameter.  The  surface  of  the 
erpAal  is  ccmodad  for  ibe  most  patt^  ahoving  aectionB  of  impeileoi 
aquaxe  or  ol  an  nttarlj  iimgnlar  ooHiiiis.  Obaerred  faces  aze  obPoo  , 
ooPco ,  coP,  ^00 ,  oiP,  P,  ete.  It  is  diaiaotexiaBd  by  its  ataong  le- 
feootiDg  power  and  its  vivid  polarinition  odour.  Tlioiig^  it  oontainB 
glass  and  apatite  needles  as  indnsioos,  the  qnaiitity  is  not  bo  great  as 
in  the  case  of  feldspar,  and  there  is  rarely  seen  u  jxxjket-like  intrusion 
of  gla88%'  grouud-mass  as  shoAvu  in  Fig.  1,  PL  XII.  It  is  always  fresh 
and  no  trace  of  serpentinizatiou  is  ioond. 

Monodiinio  pjiosene  in  plienociyBt^  is  next  to  plagioclas*  in 
quantify  and  equal  to  olivine  in  aise,  ooennring  in  abort  prismatio 
erjstais  annxMuided  by  sharp  mazgina^  in  which  ooP,  obPqd,  ooP«o, 
-P  (or  P)  are  fonml  (Fig.  8-6,  PI  XI).  Sometimes  it  is  twinned  on 
ooPoo  (Fig.  7,  PL  XI).  The  cokmr  is  veij  characteiislie,  and  vaims 
between  a  yellowish  gray,  b  and  c  Tellowisli  prreen.  tliongh  no^  distinct. 
The  pobiiiziitiou  foloiu*  ia  strong,  uud  thf;  luuxiiimui  oxtiiu-tion  angle 
on  ooPao  meiismes  46"-48*'.  Prismatic  cleavjtgt^  api)ejirs  in  cojirsft 
lamellar  suturus,  besides  otlnr  irregniar  fissures.  Inclosnres  are  very 
foequent.  As  in  tlie  case  of  olivine,  glaas  with  air-bubbles,  apatite 
prisms  of  oompaiativeij  lai^  sias  and  magnetite  crystals  are  the  most 
common  ol  iodosores.  These  inckismns  do  not  run  either  sonally  or 
centrally  aa  in  plagioclafle,  bnt  some  of  apatite  <nystals  and  gjUMS- 
indosmes  lie  parallel  to  nome  domal  fooes  (Fig.  7,  PL  XI).  This  is 
rather  singalar.  Hie  deep  intrusioDS  of  ground-maas  may  sometimes 
be  seen,  as  {^  the  case  with  olivine.    Its  specific  gravity  is  abont  3.2. 

13esi(lo  tliH  iiioiioclinic  pyroxene  jii«t  mentioned,  there  are  occasional- 
ly j'eUowi^li  l)lue  ilionibir  pyroxouos  wliicli  exhibit  parallel  extint-tion 
Pleochroism  is  distinct,  varying  Itetween  c  yellowish  bine  ami  Q,  t)  bluish 
yellow.   Some  of  them  represent  hypidiomorphic  relation  with  plagio- 
dase. 

Plagioelase  occnrs  in  tabular  crystals  on  account  of  the  large 
devdopment  cf  If,  and  the  largest  diameter  sometimes  measnres  6  mm. 
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towards  ths  bncbjHixis.  It  lias  four  faoes  P,  //,  T  and  I,  bemdos  JU ; 
bnt  ff  is  sometimeB  wanting  aud  r  (?)  seems  to  take  its  pLu^e.  Tlio 
uutliiio  is  ro^nlar,  uHinally  fresh  nud  triHisji  ii-wnt,  bnt  it  contiins  plenty 
of  .u  ii  ulrir  or  .short  prismatic  cryhtils  of  apatite  and  bi-own  glass  with 
air-bubbl<is  iu  iiiclo'^ures.  Most  of  the  glass- incloftuies  extend 
along  the  bu»B  uf  baeal  or  brachjpinaooidal  cleavage  witii  edges 
pazaUel  tj  a  crystal  face.  In  aotne  oaees  tiwj  continne  vHboot  inter- 
rnpticm  in  a  peculiar  manner  alaog  cleayage  faoea  as  slioim  in  Fig.  3p 
Fl.  Xn.  Laige  crystals  contain  so  many  of  g^as^-indosares  Uiat  tiie 
plate  about  1  mm.  thick  can  hardly  transmit  light  Thns  large  ery- 
'sials  nsnally  present  a  dark  gray  colour  to  the  naked  eye.  Even  in 
snch  crystal  as  alioumls  in  inclosiires,  the  int  lDsm.  s  <iro\vcl  the  centre, 
leavinj^  a  tianow  tnvnsparent  zone  iu  its  jK  iiphoi \ .  In  this  tmns- 
pjireut  zone  onh'  a  lew  rows  of  glass-indosures  rim  parallel  to  the 
crystil  fiure,  and  many  lines  of  p^rowth  can  bo  seen.  The  twin- 
lamellsB  oi  albite  type  can  clearly  be  observed  in  the  section  gI  F-y 
zone  oar  in  the  cleayage  slice  along  F  face.  In  laige  crystalsi  twins 
of  Carlsbad  type  are  commonly  devetoped»  but  no  paridine  twins  ave 
seen.  Extinction  an(^  on  F  and  if  in  a  dearage  slice  are  on  the 
aTerage  of  +1.7°  and  +7**  in  Sclra8ter*s  meaning  respectively.  This 
nuuil)er  shows  that  the  pUgiocbise  is  oligochise  ueju-  Abjg  An^,  (Fig.  3, 
ri.  X.). 

(  inmnd-maHs  is  coinjjusml  of  glass  of  lij^ht  bix)wn  colour.  Fluxion 
stmcture  is  iudisUnct,  and  no  kind  of  crystallites  cookl  1)6  seen. 
KeverthelesB,  it  is  of  special  interest  that  the  quantity  of  microlitic 
prisms  of  monoclinic  pyzusene  (Fig.  5,  PI.  XII.)  are  inegnlarly 
scattered.  The  largest  of  these  angite-miciolites  is  \  mm,  long  and 
^  mm.  wid4^,  luiil  the  smallest  does  not  roach  mm.  in  length.  The 
longitudinal  section  is  rectaogalar,  and  each  end  of  it  alwa>^  curved 
and  often  indented.  Tlie  indentation  rtirely  runs  deep  into  the  crystal, 
parth  ill  (lie  lorui  of  ;^laiis-i  uclosures.  The  <-ross  t>«x;tiou  is  octagonal 
or  square.  Whnt  is  rnost  interesting  in  it  is  that  two  or  more  cry- 
stals by  iutcrsDctiug  euuh  other  form  jieuotratiou-twinii  of  the  shape  of 
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the  Itittar  X,  of  a  ctoss  or  of  u  wheel.  A  f  !w  oxAuples  ure  illustrated 
in  Fig.  5,  PL  XIL  It  is  of  light  yeUowiHii  green  ookmr  with  no 
pleoefaioism.  The  laigast  eztincttom  an^  is  52^  to  the  main  ask. 
ThesB  little  au^ta  crystals  axe  not  found  in  enclosuzes  eTeu  in  feld- 
spons  wluoh  az6  ol  later  arystaUiasation  than  porphyritfe  aogite  and 
nndonbtedly  beloug  to  tiie  seooud  pli.ise  of  (nrystallizatioiiL 

Here  it  mnst  be  added,  that  in  the  pheuoi-rvsts  of  angite  there  w 
rnmly  found  sucli  a  phaiiomeual  crvstjil  as  is  illustratad  in  Fig.  G, 
PI.  XII.  which  shows  tho  faco  of  clinopiimcoid.  It  shonld  Ih>  notiml 
that  that  part  of  the  face  which  is  l  uvt  rtid  hy  the  diagonals  drawn 
through  the  autogonistio  angles  of  the  rhombic  cryst^  face  is  parti- 
cidatly  prominent  and  presents  a  smootJi  shining  appeaninoe  while  the 
ramaining  part  of  the  face  Ijetween  these  diagomils  is  rough,  sneken 
uid  imperfectly  developed.  This  Impeilect  crystal  makes  ns  recall 
skeleton  crystals  (Fig.  7,  PL  XII)  of  monoeHnio  pyrasene  which  are 
fbond  in  glassy  augite-andesite  of  Mt.  Pipo  in  Iwdjiuia,  to  which  Dr. 
Peterson  called  s])ecial  nttsntion. 

In  a  word,  tkt;  lava  i  if  the  U6W  island  iu  (juestiou  wiis  vitwphyiii- 
rnr-k  of  iiitHrmwlijit '  (■otn]x)-iitiou  ran^lv  fonud  in  tho  volcauo's  of  our 
country,  and  bore  family  n  sfiiulilimc  s  to  tho  glusi^y  audesite  of  ^It. 
I*ipe  in  Iwojima  described  by  I  )r.  Petersen,  in  the  crystil  habit  and 
the  optical  properties  of  its  plagiooUuae,  in  the  nature  of  its  aogite, 
especially  of  its  skeleton  crystal,  in  its  abonndiog  in  apatite,  and  also 
in  the  nature  ol  its  ground-mass.  But  on  tiie  other  hand  it  was 
difibrent  in  every  respect  bom  the  agG^omeratic  andasite  of  Kita- 
Iw6^ma. 

Disappeararue  rf  the  Neio  Mand. — On  the  16th  of  Inw,  we  sailed 
towai-d  th')  pf)iiit  where  tha  new  volcano  was  said  to  havo  lain,  but  to 
our  w<jndcr  and  disiippointment  nothinij  of  tlu;  island  came  in  sii^lit. 
At  two  in  the  afternoon,  when  our  stiMnier  at  last  proceeded  to  a  sjwt 
5  nantioal  miles  distant  from  Minami-Iwojim  >,  (  aptain  Nielsen  dis- 
covefed  at  a  great  distance  sometiiing  like  the  white  crest  of  an  angry 
wave  dashing  against  a  reef.    As  we  drew  near,  an  island  became 
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visible  In'  aid  of  u  tt'lescoix'.  It  kK)ki'(l  like  tho  biick  o£  a  \vli;ilo  half 
hidden  hy  thu  waves,  aiul  we  weie  giveu  to  understand  tliat  the  utiw- 
born  isLiud  which  had  been  reported  to  be  '180  feet  higli  was  now 
reduced  to  a  low  i^ef  of  less  than  10  feet  high  (Fig.  2,  3,  PL  R'.). 

The  Captain,  fiakmlating  tha  poaitiaa  and  aia»  of  the  mnking  island, 
at  3  nautical  mflee  N.N.W.  theraof,  fband  that  it  vaa  sitnated  24<»  16' 
30"  moacQk  latttnda  and  141^  30'  aasfc  loogitiidfi,  and  3  naatieal  miles 
north-east  of  the  ooast  of  Minami^Iwdjinia,  and  tiiat  it  was  8  to  10 
feet  high  and  1500  feet  kmg  (Fig.  2,  PL  TVy*  When  seen  from  the 
vest  at  the  same  distance,  the  island  lessened  in  length  nearly  one 
third  fFi«>.  PI.  TV),  frona  which  wo  mny  iitfur  that  tho  ])resi-ut  island 
is  elliptical,  somewhat  loiig<^r  east  iind  west.  This  shapv  corresponded 
to  that  u£  the  former  head  of  the  island  deaoribed  in  the  explorers' 
report,  and  reminded  as  of  its  form  of  half  an  jear  l)efore.  This  is  a 
noteworlihy  foct  since  it  will  piove  a  help  to  ns  in  coosideriog  the  cause 
of  the  diaappaaxanoe  of  the  islimd. 

The  eijdoKaxs'  xepott  says  it  was  osi  Uib  6th  of  ]>Boember  1904, 
fJiat  the  New  Island  was  first  diaoorered  by  the  inhabitants  of  Iw6jima, 
and  It  was  on  the  Ist  of  PebmaTj  1905,  that  an  exploration  and  snrrey 
was  olfoctod  by  them.  Thus  we  s<m'  tluit  duriug  tlic;  one-huudrcd  aud 
thirty-six  dajs  iullowiiig  the  lattor  data  (Feb.  1st  ),  a  volcanic  ishmd, 
480  ft.  high  and  H  miieB  in  cirt'umference,  was  (lenKjlished  almost  to 
nothing.  The  speediness  of  its  demolition  is  reidly  beyond  conception. 
What  is  moro,  some  of  the  inhabitants  ol  Iwdjima  told  as  that  they 
had  already  lost  i^jht  of  the  Kew  Idand  in  May.  If  that  was  veally 
tiie  case,  tiie  island  was  even  moEe  short-liTsd. 

Now,  theie  axe  thxee  chief  aotions  to  be  consideted  as  the  causes 
of  the  exthictian  of  voloanie  islands ;  namely,  the  action  61  the  wavea^  its 
own  explosion  and  depres^on  of  the  volcanic  body.  Of  these  three,  the 
first  is  kuosvu  to  havn  not  infreqnently  brought  about  a  phenot notion 
of  this  mri  up  to  the  present  day.  Clniham's  Island  or  Tsola  I  V r- 
dinandea  iu  the  Mediterranean  Sea,  and  Falcon  Island  and  Metis 
1)  My  aexbmt  aMMuement,  hoverer,  Mt  its  kogOi  at  hem  than  500  fleet. 
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Island  in  the  Padfio  Ocean  furnish  remarkable  instonoes.  These  islands 
wese,  honBTer,  ootlilng  bat  aocimiiilatioiiB  <rf  rerj  loose  cinders  ejected 
during  €uax  own  taea^aooB,  tad  no  wonder  Umt  tiiey  AoxHd  have  been 
aflacted  by  the  wares  so  soon.  Yet,  Folooo  Ishaid  (2  inilee  long  and 
260  feet  high,  heaved  up  in  October  1885  and  sabmerged  in  1897) 
whicb  Tras  similar  to  the  New  Island  in  shaps  and  size,  vaniHhed  after 
12  jear.s,  uuJ  Metis  Island  (150  foet  Iiigh  and  created  ia  lH7o)  still 
smaller  as  it  was,  passed  away  in  no  less  than  24  years.  Thoro  has 
been  no  island  so  short-li^'ed  as  the  New  Island.  Jlowever,  it  is  uot 
to  l»  snpposed  that  the  New  Island  was  composed  of  more  fragile 
sabstanoee  than  the  said  two  islands ;  and  this  coosideiation  will  natnial- 
ly  dispose  ns  to  &ink  that  the  speedy  extinctSon  of  tiie  idand  in 
qnestioii  cannot  properly  be  ascribed  to  tiie  bare  action  of  the  waTes. 

Then  the  question  arisaSy  is  it  attribataUe  to  the  explosive  action 
of  the  volcano?  As  was  the  case  with  Bandaixan  and  Krakatoa 
volcano,  this  action  has  often  demoUdied  a  huge  mass  of  mountain 
witli  im  oiu;oi\  nble  force  and  snddenness ;  and  it  may  soeni  to  1)e  the 
very  explanation  for  tha  pn^stmt  qnostion.  I'ut  fiuther  consideration 
will  make  it  cleiir  that  this  is  fur  from  being  the  case  since  there  is 
not  a  single  proof  of  the  island  being  subjected  to  such  explosion,  and 
if  there  had  been  any  snch  terrible  eruptiou  at  all,  tiie  inhabitants 
d  IwAjima  who  witnessed  the  rising  of  the  New  Islanl  wonid  certain- 
ly  have  taken  notice  of  it^  and  even  if  dense  donds  or  fogs  prevented 
the  tag^t,  they  must  have  heard  the  ilinnderoas  noise  of  the  explosion 
or  lalt  shocks  ci  earthqnal^  Anotiier  point  that  demands  oar  notroe 
is  that  that  part  of  the  island  nhii  h  remaint'<l  above  the  sea,  as  we 
Kaw  it,  was  abaast  of  the  samo  shape  as  is  dosci  ilxd  in  the  islanders* 
r(']«rt,  which  fact  seems  to  prove  that  the  island  kept  the  same  shape 
until  its  submergence,  scarcely  experiencing  any  considerable  explosion. 
Mr.  Satd,  one  of  my  feUow-expIoreis,  being  told  in  the  Bonin  Jshmcls 
Uiat  three  weak  earthqnakes  were  felt  at  that  island  on  the  12th  of 
April,  9th  and  21st  of  May  respectively,  and  a  strange  noise  like  a 
distant  gun  was  often  heard  f  Rym  the  west  on  the  18th  of  May,  sos- 
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pected  th&t  these  ])lieuomeuu  might  iiave  had  some  couuection  with 
supposed  expUxnoa  of  the  ishiud.    Ihit  I  am  not  incUned  to  a^xree  Avitli 
him,  beoanse^  if  an  eartiiqiiake  iad  oocnned  aJL  the  island,  it  is  not 
to  be  supposed  that  it  sbonld  not  lisve  been  felt  in  tlie  Middle  and 
Nofrth  Sulphnr  Inlands  onlj  30  or  70  nantUsal  miles  distant  from  the 
New  Island,  but  in  the  Benin  Islands  only  which  is  so  nrach  as  200 
nantieal  miles  timrefirom.   The  above  eonjectttre  will  sonnd  even  more 
absmd  when  we  Teflm^t  that  he  must  hare  meant  a  volcanic  earfch(|uake, 
which  is  as  a  rule  comparatively  snudl   iu  extfmt,  ami  that  li^  sup- 
pwacd  it  to  Iiave  bikeii  pLvoe  iu  u  utjw  volfauo  which  lielouj^s  to  tho 
same  zone  as  the  ^Fiddl-?  and  North  Sulphur  Tslauds,    From  tliese  con- 
sidiMatlons,  it  is  safe  tt)  say  tJiat  the  rai  tli  |uakes  felt  in  the  Benin 
Islands  had  nothing  to  do  with  the  New  Island,  but  were  special  ones 
occnrring  in  the  vieinitj.   Thns^  there  is  not  a  stifle  fact  that  proves 
any  explosion  in  the  New  Island  in  connection  with  its  disappeaxanoe. 

Lastlyy  the  action  of  deprassiafn  demands  our  conaideraticn).  'When 
a  great  mass  is  poured  forth  in  volcanic  erupliou,  the  result  will  follow 
that  density-  iu  that  ]>.irt  will  become  lessened  and  the  ]m>ssni"e  will 
corLsetjueutly  docreasii :  th'^u  it  is  <|uit«  ixissibila  tliat  ilio  wliola  or  part 
of  the  volcjinic  liody  niuy  fall  down  by  its  owu  w«'ijj;lit.  It  is  said  tliat 
lai^  craters  sucli  as  those  of  Aso  and  JIakoiit',  are  produced  by  the 
depraasion  of  part  of  the  crater.  According  to  Mr.  Iki,'^  the  extension 
of  the  crater  of  Aso  now  unparalleled  in  dimension  is  aeoiibable  to  tiie 
outflow  of  an  immense  mass  of  "  Aso-lava,**  which,  he  thinks,  caused 
a  depression  of  the  vent.  If  this  is  true,  it  may  safdy  be  said  that 
the  fall  of  a  crater  well  is  possible  in  snbmaxine  volcanoes  as  well  as 
terrestrial.  The  only  difference  is  this,  that  rinc»  in  the  case  of  a 
t«m»strial  volcano  tliere  is  no  unerring  st;\ndard  with  ^\  Licli  to  eompura 
its  flui  tu  itiou.  little  or  no  attention  is  paid  ;  while  in  the  cJise  of  ma- 
riue  voii'auot^s  sea-level  serves  as  an  unmistakable  sbmtlard. 

In  sliort,  although  I  have  no  al^solute  proof  or  datum  io  demono 

1}  Geology  flC  Abo  Vokftna  liy  T.  Iki.  Beporta  oC  th«  Imiiet^  EaiUtquike  Inveiitigpw 
tioo  Committee  ia  the  Jainneee  Laognnge.  Hlb.  33. 


Ijiyiiizea  by  LiOU^tc 


ISLAND  IN  TBE  IVdjlMA  OBOOP. 


29 


stnite  iiiB  vanishing  <tf  tin  New  Island,  faATing  found  no  opportunity 
to  make  nuy  peraoniil  explofraiion  of  ii,  I  think  I  may  salely  ascribe 

the  pheiiomeiiuu  to  tlie  action  of  tlia  waves,  of  which  wft  have  so  many 
instances.  Nevertliplpss,  T  Dither  In  sitate  to  my  this  wns  the  only 
cause  of  its  8ul)me)^oiK  i\  considering  it«  exceptional  rapidity ;  and  if 
there  was  any  cjiuse  Ijosides  the  action  of  the  waves,  it  must  be  either 
exploBioa  or  depreHsion;  l>ut  since  in  this  case  there  is  no  proof  of 
esplosion,  the  ooomranoe  ci  vhieh  would  natnxally  have  attracted  the 
attention  of  the  people  in  Iw6jima,  I  Tentaxe  to  say  that  the  pheno- 
menon in  question  was  due  to  a  depression  of  the  volcanie  hody 
(which  is  in  most  cases  apt  to  escape  our  notice)  as  well  as  the  action 
of  the  waves. 

SUMKABIES. 

1.  CousiderinK  both  its  geographic  position  and  the  uattiro  of  ib* 
ejecta,  it  is  clear  that  the  Now  Island  was  a  volcano  lielonging  to  the 
same  volcanic  line  as  the  other  three  principal  volcanic  islands  of  the 
Iw6jima  group. 

2.  The  eruption  was  no  doubt  ^plosive,  and  ejected,  most  of  all, 
tlie  fine  debris  of  pumice  at  the  first  stage  of  eruption,  but  afterwards 
Titrophyrio  lava  composed  half  of  obsidian  and  half  of  pumice.  And 

though  it  is  ceiiftin  tlint  other  substances  composed  the  body  of  the 
LsIhuiI,  it  remains  doubtful  whether  they  were  subjicrial  ushes  luosely 
;wjcnmubit(Ml  or  tuil's  pi^iviously  cODftolidatod  at  the  H/>a-l>otton^  Ivforo 
the  eruption;  tlio  latter  Ijeiu'j;  thi  case  with  jMotoyamn  iu  Iwojiraa. 
Pumice  fin^monts  transformed  from  lava  came  drifting  to  tlie  shore 
ol  the  island  and  formed  a  gravel-beach,  120  or  180  feet  wide. 

3.  Petragiapliically  the  laTa  is  of  olivine-augite^andettte.  It 
greatly  resembles,  as  a  whole,  the  glassy  lava  of  Mt.  Pipe  in  Iwojima. 
and  widely  differs  from  the  agglomeratic  lava  in  Kita-Iwojima. 

4.  In  point  of  materials  and  structures,  as  Peel  laland  and  IfiUs- 
Iwrongh  Island  in  tlio  ]3oniu  gix)up  are  of  two  different  volcanic  typos, 
so  the  volcanic  isLmds  of  the  Iwojima  group  may  be  divided  into  two 
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(Ufl'ereut  types.    To  h|)e)ik  inoie  wncretel}  ,  Miiianu-Twojima  and  Kita- 
Iwdjiina  (San  AugusUno  J».  and  San  Alossandio  Is.  rcs]>8otivelj)  whidi 
became  inacMye  long  ago,  are  compoaed  of  the  aame  kind  cl  a/f^kmeoAio 
xoek  of  HinsbocoQgli  Island  type^  are  vexy  similar  in  momiiaiii  abapea^ 
and  seem  to  bdong  is  one  voloanic  type  pecnliaily  their  own.  On 
the  contrary.  Mi  Pipe,  Motojama,  the  New  Idaad  and  the  sabmarine 
Tolcano  in  the  neighborhood  of  Kita-Iwujima,  yrhSssk  are  all  sffll  aetiTe 
and  G\])losive,  eject  chiefly  fflassy  aslies  auJ  rarely  vitropli^Tic  lavas» 
but  liever  to  mirli  an  (  xtont  .ls  to  ntip^ment  themselves.     Mt.  Pipe 
alone,  however,  poiired  forth  a  corapirutively  great  quantity  of  lava, 
80  as  to  assume  a  oonic  shape.   These  four  volcanoes  are  of  the  other 
type. 

6.  On  Hbe  1st  of  February  1905,  the  New  Idand  was  3  miles  in 
ciroumference,  200  acres  in  area,  and  about  480  feet  in  hfiig|:it ;  bni^ 
on  the  16th  of  June  of  the  same  year,  that  is»  only  136  days  after 
the  above-given  date,  it  was  reduced  to  a  low  reef,  only  1600  feet  long 

and  less  than  10  feet  high.  The  causes  of  its  subsidence  remain  un- 
certain, bnt  tlu)  chief  of  them  jseems  tu  bo  tlio  encroaching  action  of 
tlie  waves.  But  Avliat  brought  its  submergence  s<>  soon  ?  Tli  it  is  tla; 
question.  It  may  be  that  the  aforesaid  agency  was  acoompanied  bj 
a  depression  of  the  crater  rim* 


According  to  Hr.  Hagiwara,  Captain  of  tiie  HySgomaru  which 
sailed  about  the  adjoining  sea  of  3Iinami«Iw6]*ima  in  the  course  of  June 
of  the  present  year,  the  New  Ishmd  was  entirely  buried  in  the  ses^ 
aud  (hou^  he  inspected  the  spot  wliere  the  island  had  once  lain  and 
also  its  ne^hborhood,  he  saw  nothing  mrasnal  in  the  condition  of  the 
waves.  This  leaves  no  room  for  doubt  that  tlm  island  -was  but  eph- 
emeral as  we  liid  ox])ect9<l  and  tJiat  it  liad  sunk  down  to  the  depth 
of  more  than  10  feet  below  the  surface  of  the 

Tokyo  Imp.  Umit. 
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APPENDIX. 

Mruption  of  a  Submarine  Volcano 
year  the  Bayonnaiae  Moeke* 

Ah  I  Jmve  stated  in  tliR  |)i«8«ut  p;i])pr  proper,  I  was  shown  thft 
pnmice  bleaks  th-tt  liad  come  diiftiug  to  the  BoQin  Islands  for  some 
time  past  and  fonud  that  they  nro  of  several  di&mnt  kioda.  I  was 
dispowd  to  think  that  there  might  haye  been  enqyttons  of  some  nii- 
known  submarine  Tobanoas  near  the  *'  Fuji  Toloamo  zone" ;  and  I  foond 
alterwaids  that  X  had  not  been  mistaken  in  this  conaidezatson  or  rather 
amrmise,  for  I  got  a  report  fzom  the  erew  of  the  OUnatoamarv,^^  who 
ehanoed  to  be  at  irork  near  the  soene,  to  the  efEM^  that  on  the  14tfa 
April  of  last  year  there  wns  a  great  eruption  of  jv  submarine  volcano 
near  the  BayonTiiiisf,  Hooks,*'  an  isolated  islet  iu  the  ssii  between  Ao- 
gashima  and  Smith  Ko  -k.  A  description  of  the  eruption  which  is 
said  to  have  been  given  by  Mr.  Kajtura,  Engineer  of  the  Department 
of  Commnnicatians,  who  was  on  board  the  ship,  ma^  as  follows : 

Tlie  men  in  the  Okimwaniaru  while  working  near  31^  59'  north 
latitude  and  140"  7'  east  kmgitiide  on  the  141h  of  Apnl  hist  year, 
about  11  o*c1ook  a.nL,  saw  a  hnga  volnme  of  white  smoke  rising  up 
near  the  Bayonnaise  BockSk  >t  a  spot  leas  than  10  nantic»l  miles 
distant  to  the  S.  S.  E.— th«t  is,  about  20  ri  soatheaat  <^  Aogashima. 
By  th.!  rough  iii  >:isiu-.)iu'>nt  o[  tli  ^  crdw,  the  ])illiir  of  smoko 
seemed  to  Ix-  iiior(>  than  300  ftsct  iu  diameter  and  to  range  from  J 00 
feet  to  1000  feet  in  height,  according  to  the  power  of  the  wind  and 
the  eruption.  The  gratid  spectacle  presented  by  the  oontinaons  ejection 
of  white  TapoT  was  absoiLntely  beyond  the  power  of  pen  ot  tongne  to 
desmibe.  The  roeks  in  front  were  enijrely  hidden  &om  view  by  smoke^ 

1)  Oklmicutmra  i»  a  Bubmorine-cable  vessol  beloagiag  to  the  Itepaitmeul  of  Com- 
mnnkattanM. 

2)  The  lliiyi)nniiis('  Rocks  consist  of  llirci?  lug  r  h  Ick  and  many  Rroall  reefa,  all  of 
poiatod  conical  shaps,  u£  which  the  higheut  in  lem  thaa  30  ft.  above  the  Rea4evel. 
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except  at  sbort  abfttements  oi  ejeofcioQ.  Smoke  did  not  eeftse  ar^ng 
till  the  Okinawamaru  hik  tfaeie  the  folDowiiig  daj.  There  was  no 
knowing  when  the  eruption  had  begun ;  but,  as  the  phenomenon  was 

not  uoticeti  on  tlio  4th,  it  probably  bcj^nn  abraptly  after  that  day.  I 
rogrot  th}it  we  could  U(»t  approach  it,  m  our  dntv  called  ns  in  ,i  dif- 
ferent direction,  but  I  saw  puraioe  rising  iu  a  gn  at  quautity  from  the 
spot  of  eruption  and  flimting  eiusiAvnid  with  the  cimvnt.  Tt  covered 
the  sea  to  the  breadth  of  noarlj  two  miles^  looking  like  a  large  sheet 
of  white  cloth  spread,  or  like  innnmeiable  white  foams  floating/' 

The  colketed  samples  of  the  above-mentioned  pnmioe  was  pat  at 
my  disposal  tluougli  the  kindness  of  Pxof .  Kotdw  Thej  are  aU  of  pnve 
white  cdkmt,  less  than  one  oentimeter  in  diameter,  and  contain  black 
nngite  and  tmnsparent  oolonrless  feldspnr  ns  phpnocryst,  Mfcroscopic 
examination  of  thia  stjctiuus  sliowa  tliat  tlit  ii"  air- vesicles  are  nut  Ivup 
jind  flat  as  in  common  pumice,  but  ellipticjil  pores  ranged  side  by  side, 
taid  wlmt  is  most  lomarkable  and  curious  is  tluit  some  I;irgor  and  longer 
vosiclos  are  muged  radially  romid  phenocrysts  of  feldspar  and  augite 
(Fig.  4»  n.  X).  This  peculiar  arrangement  of  vesicles  maj  be  ex- 
plained by  the  fcQowing  oonsideiatioa : — 

It  is  obvious  that  the  pumice  in  question  is  ba^c,  conmdering  tiiat 
its  phenocrysts  are  all  of  basic  miueralH  like  bytownite  and  bypersthene 
as  stated  below,  and  that  mt^netite  is  coDtained  in  a  comparatively 
large  quantity.  It  is  generally  accepted  that  basic  mngma  is  vtsoons 
and  is  slower  in  ci^wliug  and  consolidation  than  acid  inagmn  ;  but.  no 
donl>t,  as  the  magma  was  ejected  into  tlie  seji-watiT,  a  Ixitter  conductor 
of  hejit  t1i  ni  the  atmospliere,  it  was  naturally*  cooled  and  consolidated 
in  less  Umo  than  iu  the  atmo&phere  in  spite  of  its  being  basic,  and 
was  turned  in  to  spongy  pumice.  Now,  tins  magma  contained  pheno- 
crysts already  crystallized  and  as  it  undoubtedly  emitted  latent  heat 
as  it  grew  cool,  a  small  part  sunounding  tiie  crystal  kept  some  heat 
and  was  in  a  semi-fluid  condiliaQ  even  after  the  other  part  became 
consolidated.  Thnn  we  see  the  cooling  and  coTunHdaUon  of  this  small 
part  wjis  completed  a  moment  later  tlum  the  others ;  and  while  tins 
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was  gcnog  on,  the  air-liabUes  of  a  Gompataiively  small  number  ooniiiiiied 
tlieieiu  being  stretdied  by  flie  atteactiou  passiiig  between  the  cenlnal 
pIienocaryBt  and  the  suxronndiog  waJb,  aieomed  tlie  present  tubular  form 
and  rangtnl  tbetnselves  radinlly.   I  must  confess  thnt  tbis  explauatiun 

is  not  rjiiitc  hutisfjictory  eveu  to  iu\sel{  aud  i'liitJier  study  is  iiucessaiy* 
loi'  tlio  complete  solution  of  the  prr>V>lem. 

As  jx>rph}Titic  iugiijtlieuts,  nu;4it( ,  f^iklspu  ami  luaguetile  occur 
iu  idioiQorpluti  cryttttUii,  each  less  than  1*5  mm.  The  feldspni-s  am  fmsh 
and  transparent,  and  bare  but  a  few  inclosures  of  coboiieas  glass  iu 
tlie  shape  of  uegatiTB  crystals  and  acicular  crystals  of  apatite ;  and 
20ual  strQcture  may  Ije  recoguissed  by  its  manner  of  extinction.  Carlsbad 
twin  is  frequent  but  albite  twin  is  rare.  The  extinction  angle  on  oP 
fxusB  is  about -24.*  Perliaps  the  feldH]>;)i-u  are  of  Ivytownite.  The  angites 
IajIouj?  to  the  rhombic  family  and  occur  in  ])risiiialic  crystjils.  They  are 
strongly  pleoeliroic  ami  vary  in  ci>l<jnr  Ih  Iwicii  a  grw>uis]i  yellow,  b 
yellowisli  browji  and  c  olive-green,  i'erhaps  they  art?  of  hvperstheue. 
I'eldspir  and  augite  are  often  combined  Into  niggcegidr,  together  with 
magnetite.  In  respect  to  the  quantity  u£  pheuoinryst,  feldspar  comes 
foremost,  then  augite  and  then  magnetite.  Sesides,  there  are  non^traus- 
pareut  masses  which  appear  to  be  absorbed  vesidoe  of  some  minerals. 
They  are  sunounded  by  radially  arranged  vesicles  as  iu  the  case  of 
phenocrysts  of  fddspar  and  augite. 

Thus,  microscopic  exinnination  sliows  \m  that  this  i-ouk  is  hyj):3rs- 
tlicnc-audesite.  Lu-st  oi  all.  let  iiic  add  tliat  tliis  jtutnicn  (|uitjt  (litters 
from  Ihut  of  the  ^'ew  Island  from  tiij  pi^ti'ographical  jxiint  of  vieu*. 


PLATE  I. 

The  Oeograplucal  Position  of  Iwojima  (SiUpliur  Is.)  Group. 
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PLATE  II. 

Kito-Iwdjima  (Sim  Alemiuidto  Ta) 
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PLATE  III. 

Iwojimii  (Sulphnr  Th.)  or  NAkA-Itrd^ma. 
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PLATE  lY. 

Minnmi^IwAjimA  (Saii  Aiigiifl&K>  Is.)  irnd  the  New  Idnnd. 


Digitized  by  Google 


Digitized  by  Google 


Digitized  by  Google 


« 


PLATE  y. 
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Fig.  1.    Kitn-I\v6jiin:i  (Sim  Alessaudi-o  Is.).    N.N.W.  ;)  Milert 
(Naut.).  riioiugiiipluxl  by  tlio  WriUM-  iu  Juuc^  KiUi,  1905. 


KijT.  2.    ^finami-Iwojima  (San  AiigUHtiiio  Tr.)-    ^-E.  2  Miles 
(Xattt).  PliotoKraphed  by  the  Writer  iu  Jmie  16th>  1905. 
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Fig.  1. 
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PLATE  VI. 
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Fig.  1.   Coml  Iteefs  ou  tlie  Sitiumit  of  Motuyiuna  iu  Iwdjiinii. 

iSulfutaru  uu  ilio  Luit. 


l^'ig.  2.   "  Tittclwtuiu  *'  tiiid  Wtvyo^worji  Tomices  in  Iwojium. 
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Plate  VI. 
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PLATE  Vll. 
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Fig.  1.   Boaf'fonniug  Cotal  (Siylupliora  sp.)  witit  Black 
Ccntuig  on  the  Summit  nt  Motoy&am  iu  Iwojima. 


Fig.  *2»   Uillu  Willi  Heuched  Sailmw. 
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Plate  VII. 
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PLATE  VIII. 
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Plate  VnL 

A  h\oc]c  nf  the  Inva  of  the  New  Isbuid*  iuTentigMed  l\v  the 
author.   Thift  b!ook  in  pnmioeotn  in  tlid  upper  part»  find  gradunllj 

pasBeB  into  obsidiAn  iu  the  lover  part.    Alxmt  ~  tinwA  of  the 

luitiiml  Mze. 
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PLATE  IX. 
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Plate  IX. 

Fig.  1.    Obsidian   (Olivine-aiigitey-amlosite)  of  the  'Sf^y  Island,  x  IC. 

An  irregnlAr  octagon  on  the  lef(>liand  aida  of  tilie  %iue  is 
ths  aectian  of  moooolinic  sngtte,  out  near  oP.  Friamfttic 
deavAge  ia  disiinei  Tlie  peripberj  w  fringed  by  angiie- 
miorolites  and  otlier  minnta  opaque  snbstances.  A  enbio 
eoilonrleBB  crjatal  on  the  right  side  opposite  to  the  one 
iiit  ntioiied  above,  is  pliigioclase  (oligoclase).  It  oontaius 
blown  gljwas  ;is  iuclosares  crowdinnj  the  lontio.  Rcxi-like 
iudividualized  substances  univei>ially  scattei-ed  tiuxjiigh  thn 
gronud-maaSy  are  of  mteroUtes  of  light  yeUow  monodinic 
angite. 

Fig*  %  IMtto,  nrach  more  magnified.  xl47. 

Cross  section  of  monoclinic  aqgite  in  tbe  oentie.  Amofl^  the 
aq^te^microliteB  in  tlie  gronnd«niaas»  some  penetration  tuins 
of  stellate  form  are  seen. 

Fig.  3.    Agglonrtoratoi'ormiuii;  augit^-andosite  in  Kita-Twojiiaa.     x  50. 

The  colourless  Tt'ctangiilar  pheiuxTVKts  setni  in  alinndanre  nvf^ 
of  plagioclase  (anorthite).  Tlio  rhombic  crystul  at  the  ceutro 
is  of  altered  mouodiuic  angite.  The  grouud-inafls  is  Iiolo- 
crystaUine,  and  is  composed  o£  lath-shaped  plagioolaae,  angite 
grains  and  magnetite  grannies. 

Fig.  4.  Dyke  angite-andesite  in  Kitarlw6jinia.  x50. 

The  large  oolonrlefis  phenocryst  of  tabnkr  form  is  plagioclase 
that  contains  abundant  glass-inclosnres.  The  ground-mass  is 
liolocrvst  iliine,  consisting  of  microh'tes  of  feldspar,  angite  and 
magnetite,  together  wiUi  a  few  glass  bases. 
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Plate  X. 


Fig.  1,2.    Mouocluiio  aiigito  in  the  putuiue  of  tbe  New  luLmd, 
separated  by  Thoalet's  sbLatioD*  x5U. 
Gryafcals  are  well  defined.   lu  Fig.  2.,  a  crystal  is  twinned 

Fig.  ii.    limcliypiiiacoidal  sectiuu  oL  oiigQuLu^  iu  tLtj  pumice   of  Uie 
New  Isluud.     V  cii.  1)0, 

Tuku  iioticti  ol  the  developmeut  of  basal  cleavage  and  zoual 
aiTuugenieut  of  glass-iucloKUics, 
Fig.  4.   Section  of  tiie  puniice  ejected  by  a  uubmaiine  volcano  near 
the  Bayounaiae  Books.  x60. 

Tbis  figure  allows  tlie  radial  diTeig!But  amu^gein^t  of  air* 
yesbles  avoimd  a  well-defined  feldspar-pbenocrysi 


Digitized  by  Google 


Digitized  by  Google 


PLATE  XI. 
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Plate  XI. 


Fig.  1.   Apatite  orjatals  iu  IVIotoyaniA-iiiff  of  Nakaplwojitua. 

Tliey  ooDtaui  romarjkttUe  g]acB>iiiclaeiire0,  elougated  ia  Uie 
diiectiott  o!  the  principal  axis.  Mosfe  of  the  indosures  pusseas 
one  or  more  imniovnble  aii^-bahhlefi. 

Fig.  2.    A|»atite  crystiils  in  tJu;  ])uiiiice  of  the  N<  \v  l.^Liml. 

C'ump<U"e  theiu  with  tliDs*;  in  tlit;  piiecediii}^  fifjcure. 
Fig.  3, 4,  5,  it.    Woll-defiued  cr}stals  of  mouocliuic  augite  iu  the  puiuiue 
of  the  l^ew  lalaud. 

« sa  —  P,  6  =1  ooPco ,  111  =  ocP,  a  =  ooPoc . 
F%.  7.  Twiu-orystal  of  ditto.  Twinned  on  ooPoo.  This  figure  also 
shows  the  mode  of  oocurvenoe  uf  apatite-  and  glass-indosnrra 
in  the  cijBtal. 

Apatite  needles  and  elongated  g^bus-inelosnres  are  so  placed 

tJiai  their  longiiiuliiuil  uxc»  lit)  ptuiillul  to  »uiuo  dumsU  faces 
oi  the  crystal. 
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Plate  XII. 

Fi(7.  1.   Olivine  in  tlie  pumice  of  tlie  New  Island. 

The  erjM  is  oonfiiderAblT  oorroded,  and  aoinetimes  intnided 
I>J  gionnd-maai. 

1%.  2.  A  baflal  Mction  of  oliieoolaae  in  tlie  pamiee  of  the  New 
Tatnnd. 

Apatite  ueedlas  and  colovirod  f^lass-iuclo'inrc.s  s\re  ahmulautly 

Fig.  '.i,    Honw  t>£  tlio  glass-inclonres  iti  ditto. 

The  edge  of  the  inolosnros  in  part  mm  paralU'l  to  some 

crjBtal  lAces  of  the  encloaer ;  thej  are  thinly  flatteiied  along 

the  deaYage  faoes  of  the  latter. 
Fig.  4.   CdomtoaB  hexi^onal  acalee  of  ninflc»yite(?)  coating  the  face  of 

oithoclase  iu  Motoyama<tnff  na  the  deoompoaition  pvodnct  of 

the  latter. 

Fig.  5.  ^licrolites  of  nionoi  linic  ungite  (greatly  magnified)  scattoml 
iu  the  gmnnd-mass  of  tho  olwidian  of  the  New  Island, 
liotli  extremities  of  inisms  are  commonly  ind<'nte<l  or 
irregularly  trnnoate<l.  Tlmy  are  often  twiimed  in  vauiouA 
tnann«»p  as  sliown  in  the  figure. 

Fig.  0.  A  peonltar  erystsl  of  monodinto  atigite  iu  the  obradian  of 
the  New  Island.  The  two  diagonaUi  oonnecUng  opposite 
angles  mark  a  well-deTelopad  shining  faec,  while  the  remain^ 
ing  part  of  the  crystal  face  is  diglitly  groored  and  of  dull 
lustre. 

Fig.  7.  Sk(  lf»ton  orvstnl  of  augito  in  the  glassy  angito--audesite  of 
Mt.  Nakn-Twojima,  descrilxxl  hv  I)r.  l*<itf>i"sen.  (This  is 

a  oiiginal  figiue  of  Dr.  Petersen.)  Note  iU  near  resemblance 
to  the  preceding. 
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PREFACE. 


Iramwliately  nftcr  the  flisji<trons  cai  tlKjuakt' of  April  4,  1905, 
the  author  proceeded  to  India,  by  onler  of  the  Imperial  Govern- 
ment, to  study  the  seismic  phenomena,  arriving  at  Simla  on  May 
30,  and  sju'iiding        months  in  visiting  different  places  in  the 

shaken  ami. 

The  present  Number  of  the  Publicaiiom,  constituting  Tart  I 
of  the  Report  on  the  Indian  Earthquake,  contains  a  collection  of 
the  more  t>'pica1  seismogitun^  obtained  at  various  seismological 
stations,  on  the  occasion  of  the  eatiistrophe,  \vliich  cansed  a  loss 
of  :i(),000  human  lives.  For  t\\r  sake  of  convenience  of  printing, 
the  descriptions  of  the  different  seismograms,  and  the  discissions 
of  the  transit  velocities,  vibration  periods,  etc,  aro  given,  as  Part 
II  of  the  l{efx)rt,  in  No.  24  of  the  PuhUcaiions ;  the  first  two 
parts  tt>;^t'thi*r  giving  tiie  results  of  the  seismographic  observations 
of  the  gi-eat  disturbance  in  question.  Part  III  contains  a  general 
account  of  the  earthquake. 

One  of  the  objects  in  issuing  Parts  I  and  II  of  the  Ik^poi-t 
is  to  prepare  a  systematized  account  of  the  instrumental  ob.s<'rva- 
tions  of  the  great  eurthquuke,  wliich  1  have  spicially  studied,  to 
be  laid,  for  discussion,  before  the  learned  members  of  the  General 
Conference  of  the  International  Seismological  Association  to  be 
held  in  Scptembt»r  next  at  the  Hagiu».  T  «m  aware  that  in  this 
atlcnipt  T  have  fulfilled  my  la>k  by  n(»  imans  satisfactorily,  and 
will  consider  myself  highly  succes.sful  if  the  results  of  my  analysis 
prove  of  use  to  seismologists  for  the  researches  on  the  physics 
of  the  earth's  crust. 

Alaroli,  1907.  Soisiaolcigictd  Institute,  Tokyo. 
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REPORT  ON  TU£  GREAT  INDIAN 
EARTHQUAKE  OF  1005. 
FAET  1:  SEI8M0G1UJI8. 


By 

F.  OHOBI,  gr.D., 

Member  ot  the  Imperial  Eartbquuko  Itivetitigatiou  Couuuiitee. 

1.  IntroOuetory,  Tlie  earthquake  of  April  4,  1005,  in  the 
iiurth-westeru  part  of  India,  was  a  very  large  diriturbance,  and 
caused  a  loss  of  haman  lives,  whose  number  was  surpassed  by 
no  other  destructive  seismic  shock  in  the  modem  times.  This 
catastrophe,  generally  known  as  the  Kangi-a  Earthquake,  and  the 
^•eat  Assam  and  Ik  ji^iul  lurthquake  tif  .June  12,  1897,  were  pro- 
bably caused  by  the  sti^ess  in  the  eai-th-crast  wliich  is  coTinoctod 
with  the  curvilinear  form  of  tlie  Himalayas.  As  India  is  visited 
by  severe  earthquakes  from  time  to  time,  it  is  to  be  greatly 
desire<l  tliat  pL'ccautioiis  should  bo  t;ik('ii  in  the  construction  of 
houses  so  as  to  mitigate  the  seismic  «lamage  tc)  hfe  autl  prtuxu-ty. 

The  misfortune  which  had  befallen  the  people  of  British  India 
deeply  touched  the  Japanese.  On  receipt  of  .the  news  of  the 
catastrophe  His  Imperial  Japanese  Majesty  at  once  sent  a  mes- 
sage of  sympathy  to  His  Brit^mnic  Majesty.  Tlie  mavDr  of  Tokyo 
also  dispatciied  a  telegram  of  condolence  to  King  Edward,  while 
the  War  Minister  addressed  to  the  Viceroy  of  India  a  telegraphic 
message  expressmg  his  deep  sympathy  and  sorrow  for  the  fatal 
calamity  that  had  befalk'n  Indian  soldiers  at  Dharmsala.  The 
Jifi'Shinpot  a  leading  jdoily  newspaper,  editorially  oommcut^  ou 
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the  seismic  disaster  and  at  once  opeued  a  Bubflcriptioii  for  the 
benefit  of  the  victims  of  the  earthqaako. 

2.  Note  on  the  CTiaractet*  of  Ecwthqunke  Motion.  Tlio 
eai*thqiiako  motion,  cspocially  that  duo  to  a  grout  (listiiihiinc*e,  is 
by  no  means  simple  in  character,  but  consists  of  different  sets  of 
vibrations,  whose  period  varies  between  a  fraction  of  a  second  to 
over  1  minute.  Tlio  quickest  tremors,  whioli  I  have  ever  obsei-ved, 
was  ill  tilt'  ciiso  of  ont^  of  the  afttT-shoekn  of  the  great  Mino- 
Owari  (Japan)  earthquake  of  Oct.  28,  1891,  registensd  at  the 
temporary  seismological  observatoiy  set  up  in  the  village  of  Midori 
in  the  Neo-Vallcy,  the  most  central  part  of  the  meizoseismal  zone, 
its  complete  period  bising  only  0.023  see.  On  the  other  hand,  the 
longest  period  of  vibmtiou,  wliich  1  have  so  far  observed,  was  8U 
sec.  and  occurred  in  the  EW  component  diagram  of  the  Kangra 
Earthquake  obtained  at  Tokyo.  It  is  quite  probable  that,  in  tlie 
case  of  :i  great  seismic  distiiihaiicc,  there  exist  still  slower  vibra- 
tions, of  period,  say,  of  several  miimtea,  or  of  even  over  1  houi*; 
the  different  seismographs  in  use  at  prosent  recording  only  the 
quicker  components  of  the  earthquake  motion. 

The  periods  of  \-ibration  at  a  given  place  seem  in  the  case  of 
the  macro  or  sensible  earthquake  motion  to  remain  nearly  constant 
for  diffisrent  earthquakes;*  the  same  conclusion  also  being  pro- 
bably true  of  the  micro  or  itisawble  earthquake  motion  of  pulsa- 
tor}'  nature,  or  that  consisting  of  slow-jveriod  vibrations.t 

Further,  for  the  latter  ease,  the  priiiei})al  periods  seem  to 
remain  essentially  the  same  for  different  places  all  over  the  earth. 
These  foots  would  seem  to  point  out  that  the  whole  earth's  crust 
is  making  slow  small  vibmtions  with  definite  periods,  whose  am- 

*  Till-  Publications.  No.  11. 

}  'HiB  rvAlieationit,  Nofi.  5  aiHl  i;^  lUao  Oio  JIulM  n,  Vvi.  I,  Nu.  i. 
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plitiules  liocoinc  culurgod  ut  tho  time  of  a  great  oartliquako  shock, 
just  as  (he  waters  of  a  given  portion  of  a  sea  are  thrown,  by 
great  sub-marine  oarthqnakes  and  volcanic  eruptions,  or  by  at- 
mospheric depressions,  into  destructive  tidal  disturbances,  whoso 
jjcriotls  aic  the  same  as  tliosc  of  the  waves  existing  at  ordinary 
times  and  are  constant  at  each  given  sea-coast.  Slow  vibrations 
generally  appear  in  eartliquakes  which  are  suffidenfly  great,  and 
the  supposition  held  by  some  seismologists  that  long-period  move- 
ments are  to  Ik;  observed  only  at  a  gi'Ctit  distaiico  from  the  seis- 
mic centre  is  evidently  untrue;  slow  vibrations  of  period  over  30 
or  60  800.  having  been  observed  in  Tokyo  on  the  occasion  of 
some  earthquakes,  which  originated  off  the  southern  and  eastern 
coasts  of  Japan.  The  fact  is  probably  that  the  different  sets  of 
slow  and  (|uiek  movements  are  ^rcnerated  sinudtiUieously  at  the 
earthquake  centre,  but  the  vibiutions  of  shorter  periods  are,  in 
their  radial  propagation,  reduced  in  amplitude  much  more  quickly 
than  those  of  slower  periods,  due  to  the  viscosity  of  tiie  material 
forming  the  earth':<  ernst ;  tlic  result  being  that  the  vibrations  of 
the  macroseismic  nature  exist  only  slightly  iu  tlio  oarthqnakc 
motion  due  to  a  distant  source,  while  the  movements  of  different 
slow  periods  become  successively  prominent  at  .the  varying  radial 
distances.* 

3.  TelcHelsmic  Motion  and  Instrumental  Record,  From 
what  has  been  said  iu  the  preceding  §,  it  will  be  readily  under- 
stood that,  in  the  teleseismic  disturbance  due  to  a  large  source, 
slow  vibrations  play  an  important  part;  the  division  of  the 

motion  into  the  difit'n'nt  ])lias('S  or  sections  depending,  in  the  lirsfc 
place,  on  the  amplitude  of  tl»o  constituent  vibmtious.  From  this 
point  of  view,  a  standard  seismograph  must  be  one  of  long  period. 

*  Hie  PMlealhn»t  Na  21,  p.  80. 


Digitized  by  Google 


4 


P.  Omati: 


As  the  ijitonsity,  or  mtiximain  accolemtion,  of  the  caithqnako 
motion  is  proix>rtional  to  the  amplitude,  but  varies  In  the  ratio  of 

the  inverse  square  of  the  pci'iod,  tiie  friction  at  ihv  }\mcikm  ai  tlu 

"  steady  axis  "  of  a 
mochaiiicaUy  regis* 


(0 


tering  seismograph 


(»•)  AAAAAAAAAAAAAAAA/  »<«>  th«  rocoMing  p.> 

inkr,  and   that  be- 


(iit) 


(5) 


tweeu  the  latter  and 
the  reoord-roooivmg 
smfaee,  will  mteilere 
very  much  with  the 
'  accuraicy  of  the  rcsiilt. 
For  example,  a  vibni- 
lion  of  40  seconds 
period  win  be  affeeted 
hy  the  friction  100 
titnes  more  than  an- 

otlier  (if  equal  si/A%  whose  jx^ricxl  is  4  ,soe.  Further,  U)  eonvetly 
record  a  vibration  the  natural  oscillation  jK'riod  of  the  "steady 
mass  "  must  be  much  longer  than  that  of  the  latter.  Hence  the 
real  range  (double  amplitude)  of  motion  of  a  very  slow  period, 
say,  of  over  40  seconds,  would  be  always  larger  than  indicated 
on  the  record  funiislied  even  by  lonj^-pcriod  seismographs  in  use 
at  present ;  the  consequence  beingt  hat  the  reconls  fix>m  difTei'ent 
seismographs  differ  considerably  from  each  other,  according, 
amongst  others,  to  the  proper  oscillation  period  of  the  latter. 
Thus,  let  the  earthquake  motion  be  composed,  for  simplicity's 
sake,  of  three  sets  of  vil)ratioiLS,  {  i  ),  (  ii),  and  {Hi)  whose  jx.Tiods 
are,  for  example,  4,  8,  and  32  seconds,  respectively.  If,  now,  the 


Digiti^ca  by  Google 


Iiuliui  EnitlHiiMkie  of  190ft>  L 


5 


natural  oscillation  period  of  a  seismograph  bo  shorty  say,  not  more 

than  \  soconds  or  so,aiid  if  the  multiplication  ratio  of  the  recording 
pointer  be  largo,  the-  seismograin  would  simply  consist  in  huge  pcai- 
dolum  oscillatdons  as  is  diagrammatically  reprc^ntod  in  (A)  slower 
movements  of  (u)  and  (iU)  types  being  not  indicated  at  all.  On 
the  other  hand,  if  the  natural  pendulum  period  be  sofficiently  long, 
the  record  yrill  be  as  is  represented  in  (B),  the  different  sets  of  vibra- 
tions being  represented  more  neiuly  in  tlieir  true  sizes.  In  this 
latter  case,  liowcver,  small  quick  vibrations  of  the  (i)  iy\)G  will 
be  almost  entirely  obscured,  due  to  the  superposition  of  large  slow 
movements. 

4.  Junction  of  Mieroaeiamographa,     No  single  seismo- 

j!T>igh  can  record  elearly  all  the  different  sets  of  the  vibrations 
e()uiiK)sing  tlie  earthfjuake  motion,  when  the  slow  component  is 
of  a  lai^^e  amplitude.  At  least  two  instruments  are  required  for 
the  complete  observation  of  the  horizontal  (or  vertical)  motion : 
the  one,  witti  a  long  oscillation  period  of  60  sec  or  more,  re- 
^rding  the  slower  component,  and ,  the  other,  with  a  short 
period  of  some  15  seconds,  recording  the  quicker  component. 

To  prolong  the  oscillation  period  of  a  horizontal  pendulum, 
the  following  throe  conditions  are  nocessaiy : — 

(1)  .  The  weight  of  the  heavy  bob  must  not  bp  too  great, 
as  the  point  of  support  must  always  be  kept  very  sharp. 

(2)  .  The  lenL'th  of  the  strut,  or  the  horiisonUil  distance 
between  the  point  of  support  and  the  steady  axis,  must  not  bo 
short. 

(3)  .  The  height  of  the  pendulum,  or  the  vertical  distance 
between  the  pomt  of  support  and  the  point  of  suspension,  must 
be  nmde  large. 

With  a  horizontal  pendulum  set  up  in  the  *'  Earthquake-proof 
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House/*  which  is  2.65  jnoters  in  hoight  and  whose  strut  was  1 
meter  in  lengtli,  the  oscillation  period  was  raised  to  3  minutes, 

the  w(  i<j;lifc  of  the  hoh  IxMncr  7^  k*:.*  By  increasinij  the  height 
and  the  length  in  quostiou  the  osciliution  period  can  of  course  be 
more  lengthened. 

For  the  observation  of  the  Wt  wave,  or  the  earthquake  motion 
propagated  alon^  the  major  arc  between  the  centre  of  disturbance 
and  a  liiveii  station,  and  the  wave,  namely,  the  repetition  of 
t]inf  first  piopHgatinl  uiong  the  minor  are,  or  the  shortest  path, 
tlic  friction  of  the  instrument  must  be  made  very  small,  the 
oscillation  period  being  made  suitably  long. 

&  Seigmoscope.  Although  the  primary  object  of  Seismometry 
is  to  rca)rd  correctly  or  absolutely  the  earthquake  motion,  sen- 
sitive iicisTnoftCOiKs  are  also  invaluable  iu  tlie  rcseaixjlies  on  earth- 
quake phenomena,  especially,  in  obsemng,  ( i ),  the  small  move- 
ments at  the  commencement  of  the  Ist  preliminary  tremor,  and, 
(u),  the  feeble  vibrations  of  the  and  waves..  The  instru- 
ments b^  adapted  to  these  two  last  mentioned  ])urposo8  would 
be,  re8]K?ctively,  a  lioiizultd  pendulum  of  very  small  mass  ami  of 
a  high  magnification,  wth  an  oscillation  period  of  3  or  4  seconds, 
and  a  similar  one  with  >an  oscillation  period  of  about  20  sec.; 
the  registration  being  in  each  case  made  photographically.  Instru- 
ments of  Professor  Milno*s  type,  with  prupct  improvements,  would, 
iu  this  rc8jx»ct.  prove  very  lusciul. 

For  the  observation  with  such  »cismoscu|K>s  as  abme  siqiposed 
there  is  no  need  for  damping  the  motion  of  the  pendulum,  the 
object  being  to  utilize  the  propei'  oscillations  of  the  latter.  A 
high  magnifieation  instrument  with  a  largo  amount  of  friction 
fails  to  record  satisfactorily  the  slow  small  vibrations. 

*  The  jPuUico/ioM,  Ito.  5 ;  sataoqaently  the  weight  of  tbe  bob  wom  iacraMed  to  46  Itg. 
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6^  Qbtervationa  of  the  Kangm  Earthquake*  In  i-osponsc 
to  my  dtcukir  asking  for  the  oopy  of  tho  sctBmographic  or  magne- 
tofrraphic  records  of  the  Kaiigra  Earthquake,  pliotographic  or 
printd  )('i)r(>(lii<  tioim  of  tlio  diagrams  have  been  avnt  in  from  tho 


following  stations : — 

Japan   Mizasawa,  Osaka,  Kobo,  Tadotsu,  Kyoto, 

Ishinomaki,  Miyako. 
Formsa   Taihoku,  Taichu,  Tainan. 

India  Dehra  Pnn,  T>:iiT;iekj>(>r<'.  C(vlnh:M  Bombay), 

CaicutU  (Ali|x)rc),  Kodaikanul  (Mudms). 

China  Shanghai  (Zikawei). 

PhiUppines   Manila. 

Java  Batavia. 

Amtria  Uungary  .  .Laibaeh,  Pula,  Triest,  O'CJyalla. 
Italy  XinK'uiiUjd.  (^)in  i<  e,and  Quarto-Castcllo  (Flo- 
rence), Iseliia,  liocea  di  papi,  Padova. 

Germany   Potsdam,  Strassburg,  Goitingon,  Leipzig. 

Sweden  Upsaki. 

Great  BrUain   Shidc.  Kew.  Liiverpool  (Bidston),  Biming- 

liam.  EiliiiburgU,  Paisley. 

Spain  Hull  Jrernando. 

Mauritiui.  ', 
Cape  of  Good  Hope, 

Canada  Toronto,  Victoria,  RC, 

17ic  United  Slates .  .Bultunow.   WuHliiugton,    D.   C,  Ohclton- 

iiain. 

Mexico   Tacubaya. 

Brazil   Bio  do  Janeiro, 


New  Zealand   Christchurch,  Wellington. 

I  h&vo  hero  to  express  my  warmest  thanks  tg  the  seismologii^ts 
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in  churge  uf  these  obsena tones  fur  having  so  kindly  suppUod 
me  with  the  results  x>f  their  observations. 

Besides  the  places  above  mentioned,  in  Tokyo  the  earthquake 
was  obamed  at  three  stations,  namely,  the  Seismological  In- 
stitnte  (at  Hongo),  tlie  branch  Observatorj'  of  Hitotsubashi,  and 
the  Central  Meteorological  Observatory. 

The  diagrams  obtained  at  the  different  seismolo^cal  observa- 
tories have  furnished  very  valoable  materials  of  investigation,  each 
showing,  according  to  the  nature  of  the  instmment,  its  own  cha- 
racteristics. What  is  specially  intei'estino;  of  these  seisniogiams 
is  that  the  latter  indicate  very  distinctly  tlie  motion,  or  the 
ear&quake  propagated  along  the  major  arc.  This  motion  was  in 
many  cases  quite  laige,  obscnring  by  its  superposition  tiie 
wave,  or  the  repetition  of  the  earthquake  proper. 

Further,  in  the  discussion  of  the  propagation  velocities  and 
the  dunition  of  tlie  1st  pieliHiiiiury  tremor,  I  was  eiuiblid  to 
utilize  the  published  results  of  aeismographic  observations  at  the 


following  stations : — 

Russian  Tlwhesian  Taschkent^ 

Siberia  Irimtsk. 

Caucasus  (Eussia)   Tiflis,  Aclialkalaki,  Batum,  Borsliom, 

Derbent,  Scliemacha. 

liimiu  Jm-jcw ;  Nikolajew. 

Samoa   ...Apia. 

Porto  Sicd  Vieques. 

HawaU  Honolulu. 

iaii/ria   13«iirut. 

Azores  Ponta  Delgada, 

Servia   Belgrade. 

Austro-Evngary  Krakau. 
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Oermanff 

Ilalii.... 


Jena,  Hamburg. 

Messina. 


The  nnnilM3r  of  tlie  stations  tiiken  into  account  ^vas  ncaily  70, 
while  that  of  the  diagrams  I  have  analy/x^d  wus  also  nearly  70. 

7.  IM  of  SeisnutgramB*  Pis.  I  to  XXII  contain  41  more 
typical  floismograms,  all  reproduced  in  the  original  sise,  except  the 
QoartO'CVistello  raster  which  has  been  reduced  half  size.  The 
following  is  a  list  of  the  diflV'K'iit  seismogranis. 

LIST  OF  HGURES  (PLS.  I  TO  XXII). 
SEISMOOHAPHIC  RECORDS  OP  THE  GREAT  INDIAN 

EARTHQUAKE  OF  APlilL  4.  1005. 

CPLS.  I  TO  VIII,   JJ^Jj\ESE  STjiTIOj;S, 

(l*ls,  I  io  VI.   Seismological  Imtihite,  Imperial  University,  Hon  go, 
Tokyo,  Japan. 

Time  of  KartlKiuake  Coinnu'iu-cnicnt  :rrO''r>0"' 08\ 
FH,  I.    Fig.  I.      Omori   Horizontal    l*e)uhihnn.     KW  Component.''^ 
Weight  of  the  bob— 17.4  kg.    multiplication^  Id*  Pendulum 
Period— 6  LS  sec. 

The  letters  a^b,c^d  A,B,C,D,  X  denote  the  vib- 
rations corres|K)n(ling  to  tliose  denotetl  by  the  same  letters  in 


the  Osaka  KW  Component  Sei.snio^aam  (PI.  VI). 

IFj'  is  the  commencement  of  the  vibrations  propa^ted 
along  the  Major  Arc,  from  India  to  Tokyo,  probably  corres- 
ponding to  the  approximate  banning  of  the  2nd  phase  of  the 
principal  1  portion.  corresponds  to  some  later  epoch  in  the 
same  phase. 

•  Hy  mistnke.  the  arrow  iniUaiitliig  tiie  QomneaMlllMit  of  tbe  «wtfa^l«  kM  'bmi  XUkHkH 
kbaci  17  aefl.  too  «arij. 
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H,  IL  Fig,  2*  Onwri  Horisonial  Pendulum,  NS  Component 
Weight  of  the  bob— 46  kg*  MulHplicaUon^SO,  Pendtdum 
Period— 48.8  sec. 

The  uunu'ials  1,2,  3,  ....I)  denote  tlio  vibiatioiis  coitgs- 
ponding  to  those  denoted  by  tin*  same  iiumeruls  in  the  Kobe 
NS  Component  Seismogram  (PI.  VII). 

and  Wt  correspond  respectively  to  the  Ist  phase,  and 
some  part  in  the  2nd  phase,  of  the  principal  portion  of  tlio 
«irthqualce  motion  propagated  along  the  Major  Ait5. 
Pi.  in.  Fig.  3.  U my- Ewing  Tijpe  Veriicul  Motion  Seismograph , 
adapted  to  a  continuous  registration.  Weight  of  the  bob=9  kg* 
MvdUplieation— 12,   Pendulum  Period^aboiti  4  see. 

For  the  sake  of  convenience  of  printing,  the  aeismogram 
has  been  cut  into  two,  the  part  (I)  being  continued  to  the 
part  (11). 

Wi  liero  corresponds  to  tlie  coiinneiicemeiit  of  the  3rd  pliase 
of  the  principal  portion  of  the  Major  Arc  propagation. 

PL  IV,  Fig,  4,  Omori  Borizmtal  Pendulum  Dromometer,  EW 
Component.  Weight  of  the  hdb=49.S  kg,  Multiptie(Uwn=120, 
Pendulum  Periods 23  sec. 

For  the  sake  of  c  lea  moss,  this  (igurc  gives  only  the  re- 
cord for  the  iirst  25  minates,  namely,  the  part  between  the 
commencement  of  the  Ist  pi-ehminary  tremor  and  that  of  the 
Brd  phase  of  the  principal  portion.  The  commencement  of 
tiie  earthquake  is  (piite  sharply  defin(Ml. 

M.  V.    Fig.  5.    Omori  Ilovizontal  Pendulum  Tromometer. 

This  diagram,  whicli  is  tlio  continuation  of  the  record  in 
PL  iV,  gives  the  3rd  and  subsequent  phases  (4th  and  dtli)  of 
the  principal  portion,  for  the  23  minutes  between  about  1" 
29"  and  1*52"'. 
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PI,  VL   Fig.  6.   Meteorological  Observatory  of  Osaka,  Japan. 

Omori  llori-onlal  Pendulum  of  porlahle  form.  J'JW  Component. 
Weight  if  the  bob^lQ  ktj.  Multiplication=-20»  Pendulum 
Periods  28  sec. 

Time  of  £Q.  GommeDcementssO^  68"  51'. 

The  alphabets,  a,h,c  X  coiTCspond  to  those  in  the 

Tokyo  EW  Coinpoueut  Seismogram  (I'l.  Ij.  WV  corrcsiwnds 
to  some  epoch  in  the  2nd  phase  of  the  principal  portion 
of  the  Major  Arc  propagation ;  Wi  being  the  earthquake  motion, 
which  first  travelled  along  the  Minor  Arc  from  India  to  Osaka, 
proceeded  further  on,  and  came  back  again  to  the  latter 
place  after  goiug  completely  round  the  eurth. 

IX  VII,  Fig,  7.  Meteorological  Observatory  of  Kobe,  Japan, 
Omori  Horizontal  Pendulum  of  portedfle  form,  NS  Component, 
Weight  <f  the  itolj=llk'g.  MuUiplicatiun=20.  Pendulum 
Period =27  sec. 

Time  of  EQ.  Comin0t]cetii«iit=tf'  68"  26*. 

The  numeral,  1,  2,  3,   0  correspond  to  those  in 

the  Tokyo  NS  ComiMjiitnt  Seismogram  (PI.  II). 
PL  VIII.    Omori  Horirontal  Pendi'lunis  of  s-mall  »uiltiplication.  HJW 
Component,    WcitflU  of  the  bob=i6,5  kg,  MiUUplioalimi^6, 

Ttme  of  EQ.  Cbmmetioeiiieutsabout  0^  67". 
I^,  8*   Meteorological   Observatory   of  Tainan^  {Formosa). 

Pendulum  Peri<Kl—l7  i^ec. 
Pig.  9.    Mcicorologicai    Ooscrvuiury   of  Taicim,  {Formosa). 
Pendulum  Period=J5  sec, 

d'LS.  IX  TO  XVII.  JMEfklCjl,  MEXICO,  ITALY, 
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PI,  IX.  Figs.  10  <v:d  11.  U.S.  Coast  a::d  Gccddic  Survey  Mag" 
iictic  Observatory  cf  ChelterJiam,  Marylar.d,  Ur.itcd  States  of 
America.  Omori  Horizontal  Pendulum  of  porlahie  form.  Mul- 
tiplicalio)i=  10.    Time  of  E(?.  Commencement  =  1"  08""  39\ 


Fig.  12.     U.S.  Weather  (Bureau,  \Vashi::gto:i,  ^.  C.  Wcalhcr 
Bureau  {Omori  Tgpc)   llorizonlcd  Pendulum.     iV»S'  Comptmcnt. 
Multiplication  =z  10.    Pendulum  Period =aboui  Idnce. 
Time  of  E(^.  Coiiuueuc«mont  =  1''  (»8"'  '25\ 

111  Figs.  10,  11,  and  12,  tliu  iiuraenil.s,  1,  2,  o,  4,  5,  C, 
and  7,  coiTCsix>iid  resjH.'ciivc'ly  to  the  ci)niraonc(.'ni(.'nts  uf  the 
lat  and  2nd  pit  liminHi  y  tremors,  and  of  the  1st  to  ^th  phases 
of  the  principal  ix)rtion.  Wi  denotes  the  commencement  of 
the  Major  Are  i)ropagation  of  the  earth<niuke  motion. 
PI.  X.  Omori  Horiz  ontal  Pendulum.'*  of  portable  form. 
Fig(<.  13  and  14.    Observatory  of  Tacubaya,  Mexico. 

Time  of  lAi.  Comme  nice  mental''  11™  25*. 
[  Fig.  1.3.    EW  Component.    Pendulum  Period=n,S  svc. 


Fig.  15.  ^irmir.gJiani,  England.  (Dr.  Davison.)  EW  Compo- 
nent. Weight  of  the  boh— d  kg.  Mulfipliealion=  14.4  Pendulum 
Period =3 4  sec.    Time  «)f  KQ.  Commencement  =  1''  OC"  35*. 

In  Figs.  13,  14,  and  1"),  the  mimerals,  1,  2,  3,  4,  5,  (5, 
and  7,  and  the  letter  W.  have  the  same  significations  as 
,     in  Pi.  IX. 

Pi.  XI.  Fig.  16.    Obzervalory  of  Quarto=Castello,  Florence,  Italy. 
Time  of  EQ.  Commence iueut=0''  58'"  47". 
{A).    Grande  Pendolo  Orizzontalc  Stiatteai.    Mass =5 00  kg.  XS 
Component.    Multiplications 25.    Pendulum  Period =2 1.4  sec. 
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[B)  .    Grande  Pettdolo  Oiizzontale  StiaUe«K    Mms=500ky.  E\V 

Compoiu  nt.     MiiltipHciiihm  —  25.     I^cndulum  Fcrind^  17 .4  xc'c. 

(C)  .  Grainlr  Min  itsisniotjrii/i)  Vi<  (  nliui  a  jumtogra/o.  Mu88=z 
500  ktj.  MulUpUcalum=z40»   Pendidtm  Fei'iodss:i4,6  ««(*. 

The  numerals,  1,  2,  3,  4,  5,  and  0,  have  the  same  signi- 
fications as  in  the  2  preceding  Plates. 
M.  Xll.  Fig.  17-    ^Iloydl  Gi'cdy::ar,:ic  Observatory      IzcJiLi,  liuly. 

IStne  of  EQ.  Camiiietioement=0^  58"  56'. 

(A)  .  Pot'lo  d'hcliia.  F<mdaliOrl::r,n(a!fGrahlit('il:.  {I>nprov^'d 
form)    MuUiplicaiimi=8.   Pendulutn  Fei'iod:=  13.0  see,  {NS) ; 

17.0  sec.  {EW). 

(B)  .  Grande  Sentiftella  {Ctuamiccwla).  PetMi  OrizsmUdi 
Giahlucitr.  [Priiiillirc  fonu).  Mulliplica(t07i  =  8.  Pendulum 
Pniod=I  l.J  «'r.  {XS);  11.0  sec.  {EW). 

(C)  .   Porto  d'lachia.    VoH'a  SUmca.  Mul4ipUeation=70. 

(D)  .  Grande  Sentinelia  {CaHamicciula).  Vasca  Sismica,  Midli' 
pliisitionzssQO. 

PL  Xni.  Fuj.  IS.  ^I'oyjl  Oc\\r:::.i!n:i:  Cbsiri'Jlory  of  fl'occa  di 
Pupu  {^Hoinc),  Italy.  Mirrosistaoffra/o  Aganwuiione.  Md^n—SOO 
kg,  MuUiplicaUon=70.  PeiMurn  Pcrwd=^4.2  »ec.  NW-Slfi 
and  NE-SW  Componeniit. 

Time  cjf  Eg.  i'otnemcemeut^O''  US'"  51'. 

Fig.  19.   (Philippitie  Weai}ter  (Bureau,  MattiU.   Vicentini  MierO' 
teUmograph.    Wei^U  of  the  bob=100  kg.   Pendtdim  Period 
2.4  sec.   NNW-SSB  Component. 

Time  of  EQ.  Comiiieiioeiiieiit=0''  58*"  25% 

PL  XIV.  Figs.  21  and  22.  f^oyal  Geological  Survey  Office, 
Leipzig,  Gcrnuiiiy.    WieclierCs  Astatic  Pendulum.    Weight  of  iJte 
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hob=  1 100kg,   LidU:ator-Mui(iplicatioii=250,  Fciiduliim  Period 

Jr  ig.  21.    EW  Cumpoiieut. 
Fig.  22.  NS 
Time  of  EQ.  CJuuuneiieeiiient=:0»'  58'"  W. 
Fig,  20*    Government  Observatory,   Colaba,  (Bo»zbuy,  India, 
Colaba  SeismograpJi,   NS  Component,  Pendulum  Period^27  9ec, 
PI,  XV A  and  PI.  XV B.    Geophysical InstihUe,  Gdttingcn,  Germany 
Wiecherfs  Asiatic  Horizontul  Penduliun.     Wciyhl  of  the  bob= 
1200  ktj.    Itidicat()r-MtUiipl>'(  of/ii}i=--160. 

I  Fig.  23.    NS  CompoMnt.  Fenduluni  I*ariod=J6,7  «ec. 
I  Fig.  24,   EW      „  „ 
Time  gI  EQ.  Goiaiiieiioemeikt=(y  58"  €6*. 
The  origiiial  oomplete  diagi'am  haSi  for  the  convenience 
of  printing  been  cut  into  two  halves,  bo  tliat  PL  XV  A  is 
coutiiuied  to  Tl.  XV  J3. 
Pi,  XVI  and  PL  XVII    Melcorolvgicul  I:i3t:liUc,  fRoyul  Uuhcrsity, 
Upsala,  Sweden.   WiecherV^  Astatic  PendtUmn,   Weight  of  the 
bob=:1000    kg.     Indicator-Multiplicatian^23S*  Pendulam 

Penods^about  9  sec, 

J  Fig.  2$,   N8  CompotmL 

\  Fig.  26,   EW  „ 

Time  of  EQ.  Commeuceiueiit=0''  58"'  22*. 

H(f.  XVni  io  XXII.   Milne  ffonzmUal  Pendtdum  Seismograms, 

The  MiliK'  llnrizoiittil  Poiululiims  are  gonornlly  jjto  located 
that  tlie  boom  points  N-S,  recoidiiig  the  KW  Compouout  luotiou. 

*PLS.  XVIIUXIX.   mmSH  jtND  SfpAmSH  STJTIOMS. 

PL  XVIII.    Fig.  27'    Maiioual  C'kyjicul  Laboratory,  Kew  Vbscrvw 

tory,  England. 
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Time  of  EQ.  Commdnoetneiit^l''  (Mr  12% 

Fig,  28,   ^P^oyal  Ohservalory,  EdinhiivrJ:,  Scotland. 
Time  of  EQ,  C'oinmenoemeut^l''  00"'  00\  . 

The  letters,  a,        <f»    /,  g,  h,        k>  h  denote  the 
different  maximum  movements  which  can  be  well  identified 

in  tlio  Kew  and  8uu  IVniaiidu  StMsniognuns. 

Fig»  29»    Shidc,  Mc%ifori,  Isle  of  WighL  C'TiutirumfnU 

E\V  CmnponfnL 

Fiy.  30.    Shidc,  J^c^vport,  Isle  of  Wight.  B-InsinmenU 

NS  Component, 

Time  of  EQ.  Commenoemeiitsl'*  01*"  00^. 

Tho  lotters,  a,      c,  d,  e,  /,  (u  in  Figs.  20  and  30  denote 
ooiTospondin;^  movements  in  tlie  two  components. 
PL  XIX,   Pig,  31,   Liveifool  Observatory,  (Bidston,  England. 

Time  of  EQ.  Commencement =1"»  00"  3e». 
Pig*  32.    The  Coats  Obsc^-vatory,  ^Paisley,  Scotland. 

Time  of  EQ.  Commeiioemeiit=l^  00"  00*. 
Fig.  33.   Marine  Observatory  of  San  Fernando,  Spain. 

Time  of  EQ.  Commencement =1"  02"  30*. 

The  letters,  «,  a',  &,  i/,  c,  o,  denote  the  different 

maximnm  movements,  most  of  which  can  bo  idenfafied  in 
the  seismograms  obtained  at  the  BriiiBh  Stations,  espoeially, 
at  \\v\\  and  Edinimrgh.  In  Fi;4s,  '11  to  33, TF, denote  tlie  eavtli- 
qnako  inDtimi  ]»ropagated  along  the  major  are;  the  vaiiution 
in  the  tune  of  its  commencement  at  the  different  stations 
being  partly  due  to  some  dissimilarity  of  the  pendulum  periods, 
and  partly  to  the  difference  in  the  opicentral  distances. 
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PI,  XX,   IJ^<DIJJ^  STJTIOj\S, 

Fig,  34,   MeteoroiOf^ical  Observatory  of  ^il-porcj  Calcutta. 

Tiino  of  EQ.  ('ommeiicemeut=:(>''  52'"  00*. 
Fiff,35<   Govcrmneni  Observatory,  Colaba,  (Bombay. 

Time  of  BQ.  CommeucAment-fV'  iiS"  08\ 

Fiff.  36.    Ct  over  nine  ::t  Ob^crivAovy,  Cclaha,  (Bombay. 

The  Flo«t  and  Balance  ReconU  of  the  vertical  motion, 

Fl.  XXL    JVEIV  ZEALM\0  X\'(J  CA<1>E  TOIVM, 

Fifi.  37.   Magnetic  Observatory,  Christchurclt,  J^civ  Zealand, 
Time  of  £Q.  Commeuceratiut=:l"  Kr  00". 

Fig,  38,    Wcllmgton,  Jfcw  Zealand. 

Time  of  EQ.  Comraeucement  =  r'  OO"-  48\ 

The  Wellington  diagram  luis  lieen  cut  into  two,  for  the 
convenience  of  printing. 

Tn  Figs.  B7  and  38,  the  corresponding  movements  are 

m;nk('i]  by  tlu'  letters.  «.  />,  r.  d  <•,  //,  z. 

Fig,  39.   dioyul  Observatory,  Cape  of  Good  Hope,  South  Africa 

Time  nf  EQ.  CommeiioenMiit=l^  02*"  SO*. 

PI.  XXU,    CAMA01Aj\  STATIOA'S. 

Fig*  40,    Victoria,  British  Columbia. 

Time  of  K(>.  Commenceraent^l''  Ofi-"  48". 
Fig,  41 »    Toronto  Observatory,  Ontario. 

Time  of  EQ.  Oommencemeiitsli'  06"  36*. 


Dig 


1 


s 


1^-  ■  ^ 


;  ♦ 


*tions  propagated  along  the  Minor  Arc, 
f  sh  arcuai  path  between  India  and  Tokyo, 
pniiment  of  the  vibrations  propagated  from 
idia>kyo  along  the  Major  Arc  of  the  earth ; 
^■i  conding  to  the  Srd  Phaae  of  its  Prinipal 

OTii- 


1  1 — 

 1  

 1 — 

1 — 

  1 

— t — 

 1— 

 (  

— r  — 

— 1 

1 

— 1 — — 

— t~  

— r- 

— 1  

— 1— 

1  1 

-!- —  1  

--"  1 — 
 1  

 1 — 

■  ■•H  

1 — 

 1 — 

 f - 

t 

- — — 1 — 

— 1— 
-1  

 r— 

 ■  1-  

--1  

— 1  

— ,  

— f...^. — 

■I-  

— t— 

— 1 — .- 

— 1 — « 

Digitized  by  Google 


Digitized  by  Google 


1 


i 


Observed  in  Tokyo. 

Seismograph. 


t  ■ 

r 

— f~  ^ — 

— ,  . — ,  

1'  —^-L- 

 1  

 f  

 1— ^  1— 

 1  ,  

r 


1  mintutd. 


ft 

l! 


1  1  1  1  

 ,  ,  ,  e 

 f  1  1  


Digitized  by  Google 


Digitized  by  Google 

I 


Digrtized  by  Google 


^ 


\ 


Digitized  by  Google 


PL.  VH 


TTie  «MCC««8tte  epochs  of  the  Earthquake  MoHon  denoted  by  the 

numerals  1,2^.4  9  correupmid  to  thorn  denoted  by  the  tome 

numarak  in  the  Tokyo  NS  Contponent  6ei8moffram  (PL  11). 


Digitized  by  Google 


PL  VIII. 


)r  Figa  10,11,  and  12:-    1,2,8,4,6,6,7,  correspond  respectively  to 

e  coiiitnencements  of  the  Ist  and  2nd  Preliminarr  Tremors,  and 
e  Ist,  2ud,  3rd,  4bh,  and  Silt  Fluutea  oi  iho  Principal  Portion. 


J 


nd  11.  Omori  Type  Horizontal  P^dulum.  Multiplj 

<1)  is  continued  to  (11),  and  ^l")  to  (HO. 


•endulum  Period=about  19  sec      Multiplication  =  1C 

 '  I  4 


-r 


T" 


T 


T 


T 


1 

1 

1 

■ 

1 

t 

1 



t 

■  "—I — 

•  v: 

— I"  - 

1 

1 

1 

_  1 

-11  1    1  — 

1 

• 

t 

t 

• 

1 

1 

1 


I 


11  A,  1905.  Observed  at  1 

Uiplication=10.  Time:  1  Interval; 


Digrtized  by  Google 


D5. 

rrande  Sentineita. 

^Hpensione  Artioolftia  (1902). 

c  K06i>ensioiu    «  nipliiM 
be  dot  agUo  (1^02j. 
mto  (1896). 


Digitized  by  Google 


1 

— — — ■  ■ —          -  -  1 

■ 

 I  1 — 1  1  1     \  1  , 

J — • — 1 —  .     I  — • — i- 

/*  4-0'^ 

t  1  1-    -}  1  '       -<  • 

i*— j-i — 1  1- — > — 1 — 1  1- 

-J — ■ '  ^  1 

3 

NNW 


A/ 
SSE 


Digitized  by  Google 


Earthquake  of  April  4,  1905. 


PL. 


iem  SMflmogimmm 

Jdiehkeit 
1 

lUUO 


j4  -  iu-V^^vy 


i]«an  Seiamogram 

irklidtkeit. 
1 


XOOO 


aun 


5 


Digitized  by  Google 


I  I 


Digitized  by  Goo<;(Ie 


Google 


Digitized  by  Google 


1 

I 

Milne  Horizontal  Pendulum  Records  o 


FIG.  27.    NATIONAL  PIIVSICAL  LABORATOin'  (KKW  ( )liSEKVArf  >  11' 


FIG.  28.    T^OYAL  OBSEHVATOH V.  EDlNRnUiH.  Direet<^ 


FIG.  29  AND  30.    STIIDE,  NEWPORT,  ISLE  OF  WKiin 


Digitized  by  Google 


■»  Indian  Earthquake  of  April  4,  190S. 


PL.  XVIII. 


Director,  R.  T.  Glnzebrook,  Sc.  D.,  F.  R.  S.  ; 

Siipr'rinteiuleiit.  of  Obsfrvatm-v  Dopartineiit,  C.  Cliree,  LL.D.,F.R.S. 


('opplftiul  ;  ObHovvor,  Tlionms  Heutli, 


K.\(iLANI). 


Observer,  John  Milue  ;  Assistftnt,  S.  Hirotn. 


Digitized  by  Google 


Digitized  by  Google 


Milne  Horizontal  Pendulum  Records  of  thel 


FK;.  32.    COATS  OBSEKVATor 


FIG.  33,    (mSERVATOHIO  DE  MAIUNA  I)E  SAN  FEILXAXI. 


-  J  Google 


ndian  Earthquake  of  April  4,  1908. 


PL.  XIX. 


I JJ I  )ST(  )N.        Director,  W.  E.  Plunmu  i . 


1*,  I'AISLKY. 

Donald  Klacleau. 

1  1 

').  SPAIX. 

DirtH'tor,  Ciiyitftii  T.  <li.  Azcaratp. 

Digitized  by  GoogL 


Digiii^cu  by  Google 


Digitized  by  Google 


Indian  Earthqual-c « 


FKi.  34.    A[.llM)|>vK  OMSKHVATOIIV,  CAUTTTA. 


FKJ.  35.    (iOVKUNMlvNT  ( )VSKI{  VAT(  )l{ V.  COLA 


Digitized  by  Google 


f  April  4,  1905. 


PL.  XX. 


AV.  Kiiefhler,  As«i8tant  ^Iett'orolo{ri«'iil  H^porler. 


-  J  Google 


Milne  Horizontal  Pendulum  Records  of  t, 


fh;.  n:.  MAnxETir  oi^ski^vatohv,  ciinisTciir 


L.oo< 


Indian  Earthquake  of  April  4,  1908. 


PL.  XXI. 


H ,  X  V:\V  Z  K  A  L  A  X I ).        Director.  H.  F.  Skoy,  H.  S<-. 


Director,  Gporpe  Hog>ien.  >[.  A. 


FIG.  30.  • 
I^OYAT.  OBSKliVATORY. 
CAPK  OF  (iOOn  H()I»K, 
SOX^ril  AFRICA. 
Director,  Sir  Daviil  (iill. 


Milne  Horizontal  Pendulum  Records  < 


FIO.  40.    VKTOKIA,  BniTISII  ('< }] 


FIG.  41.    TOliONTo  OhSHlJ VATOKV,  OXTAlll'). 


Digitized  by  Google 


9  Indian  Earthquake  of  April  4,  1908. 


iMA.        Supprintcridput.  E.  Bnynes  Reitl. 


ANA  DA.         Director.  Trofessor  K.  F.  Stiipart 


/  /ft? 


Digiti^CQ  by  Google 


PUBLICATIONS 


OF  TBX 


^artj^xjuak  |nljjesli3ati0n  €amnuiiu 


FOREIGN  UNGUAGES. 


No.  24 


Report  on  ilie  Greot  Indim  Caritupioke  of  1903. 
Port  II  s  Sclsmogropiiiaii  Olnervafions. 


TOKYO,  1907. 


Digitized  by  G' 


PUBLICATIONS 

OF  THE 

(^aribfjuak  Jnksttgatioii  (^am^mikt 

IN 

FOREIGN  LANGUAGES. 


No.  24 


Report  on  the  Great  Indian  Earthquake  of  1 905. 
Part  II :  Seismographical  Observations. 


TOKYO,  1007. 


CONTENTS. 


1'aok. 


CHAPTER  I.   Introductory   1 

„  II.  Open  or  lai^e  timo- scale  Diagrams  of  the 
Kangra  Earthquake,  fnmished  hy  rae- 

(•haTiically  or  pliotognipliically  registcriug 
insti-imieuts   26 

„       111.   MUu«j  Horizontal  Pendulum  Diagrams  of 

the  Kangra  Earthquake.   115 

„       IV.   Velocity  of  I^pagation  of  the  iRt  Pre- 

liminaiy  Tromor   IBS 

„  V.  Velocity  of  Pro{>a«5atiou  of  the  2nd  Pre- 
liminary Tremor.    165 

VI.   Velocities  of  Propagation  of  the  Principal 

Portion   169 

Ap]H'ndix  to  Cliapter  VI :  Transit  Veloci- 
ties l  ak'iilated  Jiecojdiim  to  tlie  siii)posi- 
tion  of  the  J^ropapiiioti  aion«<  the  (liord. .  177 

„      Vli.   Ihiration  of  the  1st  R'eliminary  Tremor. . .  179 
Vin.   Periods  of  Vihmtion   186 

„  IX.  Earthquake  motion  propa^^ated  along  the 
major  arc  and  tlie  rejK'titioii  of  i\n'  motion 
propa«iatc<l  alon^"^  lire  minor  are.  (Jeneral 
remarks  on  the  propagation  volecity   221 

tt        X.   Miscellaneous  Kemarkrt    256 


Digiti^cu  by  Google 


BEPOUT  ON  THE  (HIE AT  INDIAN 
EABTUQUAK£  OF  190& 

PART  U:  SEISttOGKAPUICAL  OBSERVATIONS. 

F.  OMORT,  Sc.D., 
Member  of  tlte  Imperial  EarUiquake  Investigation  Commiitee^ 


Chapter  I.  Introductory. 

L  MimtOayan  Mange  and  jSetmnie  Aetivitp*  The  topo- 
graphy of  ^tiah  !bidia  is  highly  characteristic,  the  great  Hima- 
layan range  forming  a  very  beautiful  circular  are  which  oxteiuls  in 
an  east-west  direction.  (See  Tig.  1.)  As  elsewhere  stateil,  grant 
earthquake  regions  often  coincide  with  the  steep  convex,  or  outer, 
aide  of  a  curve  formed  by  a  mountain  chain  or  a  series  of  iHiands ; 
the  inner,  or  concave,  side  being  caily  disturbed  by  occasional 
local  shocks.*  In  the  ease  of  the  Himalayan  range,  which  rises 
abruptly  from  lint  phiiiis  of  hidiii,  the  arcual  form  is  ])ii)baMy  duo 
to  a  pressure  from  the  Tibet  side,  which  is  still  y^oing  on. 

The  large  Indian  seismic  disturbance  of  April  4,  1905,  usually 
known  as  the  Kangra  Earthquake,  originated  among  the  Sub- 
Himalayan  chains  in  the  Punjab  (Fig.  1),  and  is  to  be  regarded, 
together  with  the  Assam  and  Bengal  earthquake  of  June  12.  1807, 
as  the  result  of  tlu;  growth  of  the  Himalayas.  The  latter  form 
part  of  the  great  seismic  2one  extending  fiom  the  MtHliterrauean 
on  the  west  to  Formosa  on  the  cast,  along  which  no  less  than  11 


*  !StT  tlic  Jiulletin  of  {he  Im ferial  J£artfnfiiak«  laiestiijaUon  CwmiiKef,  YoJ.  I,  No.  3« 
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large  deBtraciive  eaiibquakes  occuiTed  within  the  8  years  between 
1897  and  1905.* 

2,   Area  0f  SeusUOe  MoHon.    The  approximate  boundaty 

of  the  area,  within  wliich  tlie  motion  of  the  Kaii^ia  cartliqiiako 
was  sensible,  is  shown  by  the  line  B  in  Fig.  1,  its  w^estem, 
southein,  and  eastern  limits  being  Qaetta  (Afganistan),  Surat  and 
False  Point,  and  Lakbimpnr  (Assam),  respectively.  The  extreme 
distance,  at  which  the  motion  was  felt,  was  aboat  1670  km,  the 
areas  ^closed  within  the  three  isoseismals  corresponding  to  Nos. 
10,  9,  and  8,  of  the  Rossi-Foiel  scale  of  seismic  intensity'  being, 
according  to  Mr.  C.  S.  Middlomiss,  of  the  Indian  Geol(^ical  Survey, 
respectively  200,  1600,  and  2150  square  miles.t 

The  meissoseismal  district,  where  serious  damage  was  caused, 
and  whose  intensity  of  motion  corresponded  to  the  Nos.  VIII,  IX, 
and  X,  of  the  T^os?i-Forol  scale,  stretcliod  in  an  NW-SE  directiun, 
from  the  vicinity  of  Kaugra  and  Dliamisala  to  that  of  Mnssooree 
and  Dehra  Dun,  over  a  distance  of  about  350  km  (A,  Fig.  1) ;  the 
earthquake  motion'  being  much  stronger  on  the  north-western  half, 
than  on  the  sonth-eastem  half,  of  the  jsone  under  consideration. 
It  seems  probable  tliat  the  latter  extends  towards  the  north-w^est 
of  Kangi-a  and  Dbannsala  for  some  more  dintance. 

8,  IntenHty  of  Motion.  The  intensity,  or  destructive  pow* 
er,  of  the  earthquake  motion  may  be  represented  by  the  maximum 
acceleraticni  of  the  earth's  partkile  in  its  vibratory  movement} ; 
the  approximate  values  of  this  quantity  at  some  places  in  the 
strougly  or  violently  shaken  areas,  deduced  from  the  obsenations 

*  The  BulUtin.  Vol.  I,  Koa.  1  and  S. 

t  a  &  MliMkmriw;  *•  PtdiniBiixy  Aeoonnt  of  tfat  Xiaagw  EntliqtiiAis  of  Um  4fh  April 

1905."  Beoordg  of  the  Oeologkal  Snirey  of  India.  Vol.  XXXI T. 
f  Seo  F.  Omori  :   "  Seiamic  Experijnents  op  the  Ftaotniing  and  Oreitiiming  o(  Cdlwrn." 

the  Fublicalions,  ^o.  i, 
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of  ovcrtuniecl  bodies,  or  inferred  fiom  the  comparison  of  the 
eartliquake  effects  iu  the  present  case  witli  tliose  in  the  great 
Mino-Owari  (Central  Japan)  earthquake  of  1891,  being  as  follows  : — 

Simkt,        Max.  acocleration=aboat  400  mm/sec*. 

PaUumkot.  Motion  was  weaker  than  at  Simla. 

Shahpore,  Motin  was  much  stronger  than  at  Fftthaokot,  and 
weaker  than  at  Simla. 

liiiUu.         Motion  was  much  stronger  than  at  »Shapore, 

Lahore.       Max.  acceleration =aboat  500  mm/sec*. 

AmrUiar,    Motion  was  slightly  weaker  than  at  Lahore. 

Delhi         Motion  was  rather  weaker  than  at  Amritsar. 

Upper  DharmalfL  Max.  acceleration  was  not  greater  than  2300 
mm/sec*. 

Kangra.       Max.  acceleration  was  not  greater  than  3500  mm/sec^. 

Pfdunqmr*    Max.  acceleration  was  not  greater  than  2S50  mm/sec*. 

ManeU,       Max.  acceleration  was  not  greater  than  2280  m^V8^^ 

Nuggar.  Motion  was  stronger  than  at  Simla,  hot  much  weaker 
than  at  Hultauiiur. 
Thus  it  seems  that  the  intensity  of  motion  in  the  epicentral 
district  of  the  Kangra  earthquake  was  not  so  great  as  in  that  of 
the  Mino-Owari  earthquake  of  1801.  On  the  occasion  of  the  latter 
catastrof^e,  the  maximum  acceleration  of  the  earthquake  movement 
in  the  Mmo-Owari  plain  exceeded  4000  mm/sec'.,  that  in  the  epi- 
central zone  of  the  famous  Nco- Valley  being  muc.li  higlicr.  Again, 
there  was,  in  tlic  Kangra  earthquake,  no  surface  manifesUition  of 
remarkable  faults.  These  ftu^ts  seem  to  indicate  that  the  focus 
or  centre  of  the  earthquake  under  consideration  was  very  de^ 
below  the  surface. 

4.  Earthquake  Ikmutge,  For  the  account  of  an  absohite 
scale  of  strong  seismic  motion,  or  the  destmctive  effects  cor- 
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responding  to  diflforont  values  of  the  maximum  jiccclt  rntioii  of  the 
earthquake  motion,  the  reader  is  referixKi  to  the  Publicaiiom^  2\o, 
4.  It  is  easy  to  understand  that  the  amount  of  casualties  and 
the  number  of  houses  destroyed  by  an  earthquake  depend  laigely 
on  the  method  of  buildings.  Thus,  badly  built  mud  or  stone 
houses  are  completely  destroyed  by  an  eartlniuake  shock  with  an 
intensity  of  about  2000  mm/seC'..  ^vlliI(•  profxirly  built  wooden  or 
iron  frame  struetmxs  can  resist  any  shwk  whatever.  One  special 
feature  of  the  seismic  effects  on  structures  built  with  yeiy  bad 
material,  which  has  practically  no  tensile  strength,  is  that  thickness 
of  the  walls  gives  no  caiJiicity  of  resisting  seismic  force.  In  fact 
a  massive  thick-wallnl  liou.se  of  inferior  masouiy  work,  wliich 
has  no  frame  bin(bngs,  forms  virtually  a  hciip  of  stone  and  is 
fiimply  shattered  down  at  once  by  an  earthquake  shock;  typical 
specimens  of  this  sort  being  the  barracks  at  Dharmsala,  where 
many  Gnrka  soldiers  were  killed  and  wounded. 

Ordinary  buildings  in  the  Kangra  Valley,  wlieie  the  shock 
was  strongest,  had  walls  of  mud  or  rubble  masonry  with  a  heavy 
slate  roof,  being  of  the  worst  type  of  structure  with  respect  to 
the  ear&qnake  shock.  The  total  number  of  the  houses  destroyed 
in  the  Eangra  District  and  the  Mandi  State  amounted  to  112,477, 
and  the  number  of  persons  killed  reached  18,815,  (exceeding  any- 
tliing  r('C()i(l(Ml  of  great  seismic  eataslmjihcs  in  th(>  recent  times.* 

5.  lyii'ection  of  Motion  and  the  Marthqutike  Origin,  The 
direction  of  the  maximum  earthquake  motion  at  a  given  place 
may  bo  assumed  to  bo  identical  with  the  mean  duection  towards 
which  different  bodies  are  mostly  ovortiimed.t    The  directions 


*  Excepting  Uw  north  Japan  euttbquukc  o£  Jone  15,  1896,  mIucIi  caimtl  gmit  tidal  dis* 
tnrbnueaB  along  the  Bart]»4MtHn  coaob  oC  Jupem,  nauttiiig  is  the  death  of  21J953  penona. 
t  8m  Om  PiAdcofloM,  Koa.  i  and  18. 
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tlius  estimated  for  a  number  of  places  in  the  Birongly  shaken 
area  of  the  Kangra  earthquake  wero  as  follows. 

DharmsaHa,  Towards  S40''W. 

Kangra  and  JkiukUopur,  „  NSS'^E. 

Nagrotha.  „       W  a  litll<'  8. 

Baijnatk  „       E  a  little  8. 

Drang.  «  8E. 

Mandi.  „      NB— SW  (?) 

SuUanpur  and  Be^aura,  „      S  a  little  E. 

Between  SuUanpur  and  Naggar.  „      NE— SW  (?) 

Lar;t,  „  SW. 

IMra  Dun  and  Mussooree,         „  N£N. 

Lahwe.  „      N  a  little  .£. 

£limto.  Towards  N  a  little  E—S  a  little  W. 

Karml*  „  N". 

Tlic  direction  of  motion  as  above  given  are  to  be  regarded 
as  only  gross  approximations,  the  observations  being  in  many  in- 
stances unsatisfactory  or  few  in  number.  One  marked  fact^  how- 
ever, is  that  the  direction  at  Kangra  was  towards  E  a  little  N, 
and  thm^foro  nearly  opposite  to  that  at  Dhantisala  whore  the 
direction  was  towards  SW.  Further,  conipiiiiu*^  toirctlKi-  the 
results  foi-  the  different  places,  we  see  that  the  latter  inay  be 
grouped  into  2  sets  as  follows: — 

Group  A : — ^Lahore,  Kangra,  Simla,  Kot,  Dehra  Dun,  Kamal. 

Gronp  B : — ^Dharmsala,  Naggar,  Baijnath,  Sultanpiir,  Drang,  Larji. 
At  .1  Group  places,  the  direction  of  motion  was  towards  N, 
NEN,  or  KNE,  while  at  B  Group  places  it  was  towards  ISW,  SES. 


*  Tbfl  (liKctiou  lit  KiiTDfll  bns  been  uifertecl  ftom  the  obKrvation      Mr.  Uuuly,  A»bii»ti\ot 
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or  ESE,  80  that  the  maximum  earthqiuiko  movements  at  these 
two  different  setfi  of  places  may  be  ro<^'<)r(led,  on  the  whole,  to 
be  oppOBite  to  one  another,  as  shown  in  Fig.  2,  probably  denot- 
ing a  certain  symmetry  of  the  direction  of  motion  with  respect 
to  tbo  earthqnake  origin.  The  red  line  in  the  figure,  drawn  mid- 
way between  A  and  B  Group  places,  is  to  be  regaixled  as  mark- 
ing the  cpifocai  zone,  and  tlie  dotted  line  indicates  the  possible 
extension  towards  the  southeast ;  the  entire  length  of  the  focus  thus 
supposed  being  about  270  km  or  170  miles.  The  most  central 
point  of  the  seismic  disturbance  may  be  assumed  to  be  situated 
some  distance  to  the  SE  of  Dharmsahi  and  Kangra,  say,  at 

LatUude,  ST  49'  N. 
Longitude,  77"  00'  & 

This  position  has  been  taken  as  the  earthquake  centre  in 
the  calculations  of  the  propagation  velocities  of  the  diflbrcnt 
phases  of  tho  earthquake  motion. 

6.  Jjist  of  Stations.  Table  I  gives  for  each  of  tlie  60  different 
stations,  where  the  Kangra  Earthquake  was  obsen-ed,  the  latitude, 
longitude,  epicontral  distance  (=a;),  and  the  time  of  earth- 

quake occurrence.*  The  last  named  element  of  motion  was  de- 
duced from  the  seismograms,  except  in  the  5  cases  marked  (3/), 
whose  epicentral  distance  was  under  21^,  and  whose  time  of 
commenceiaont,  obtained  fiom  magnetogragli  records,  may  be 
regarded  as  corresponding  to  the  beginning  of  tite  principal  portion." 

The  iimes  are  always  given  in  GMT. 

The  earthquake  was  insensible  at  all  the  places  given  in  the 

table,  except  Dehra  Dun.  where  the  motion  was  severe ;  tho 
neaicst  and  iurtliest  teleseismic  stations  being  respectively  Tasch- 
kent  20^  aiul  Tacubayu  (x-.UK  30'). 

«  Hie  Une  «f  eKtbqmko  occmroDce  at  the  odjgin  itaeU  is  gtveii  in  the  next  Chapttx. 
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The  epioontral  distance  x  lian  been  calouktud  by  the  follow- 
ing fonnnJa : — 

008  s=aiii  ^.  «n  ^+og3  ^,  cob  ^  eoa^l—ip), 
-where  ^  and  ^  denote  the  latitude  and  longitude  of  a  given 

station,  unci  <f>o  und  -V,  those  of  the  epicentre. 


TABLE  L    List  of  Stations ;  Obsci  vntion  of  the  Indian 


Eaiihquake  of  April  4,  1905. 

• 

Staiiou. 

i  Position. 

1 

J  Epioontnil 

Time  of  E<jko 
Oocwireuctt. 
=^1  (G.M.T.) 

Latitiide. 

Loogiiiide. 

DiirtanM^x 

Epicentre. 

31  49  —  N 

77®  E 

0  49  48\=<„) 

India. 

Dfthm  Diiii 

30^1919"  N 

7mn'w  E 

1°  45' 

(M)  0''50'"38* 

Colaba  (Bombaj) 

TJfxrrnckpnr 
AHiyirc  (('jilcutta) 

Kodaikamd 

18^53'45"  N 
10°13'60"  N 

72°48'5(>"  E 

88'21'39"  E 
1  HH°24'--  E 

77**27'46"  E 

13  28.... 

13=  32' 
13  42 

21  35... 

j       0  53  08 
l(M)  0  67  04 
1  (M)  0  55  41 
0  62  00 
i      055  48 
|(M)101  OO 

Bnxnuu 

96»27WE 

2l<»  44' 

(M)1W03* 

Unwiaii  Turkestan' 
Tuebkeufe 

4in9'31"  N 

G9<17'42''  E 

ll**  20' 

Oh52»24' 

Caucatni.  CBimia)! 

Titiis 

Aclmlkaluki 

Hoi-sliom 
Derbeui 
Scfaoniaehtt 

41'*43  W  N 
41  25--  N 
4140—  N 

41  r.i  -  N 

42  tH—  N 
40  38—  N 

44''47'r)l''  E 
43  29  09  E 
Ji;5,s:5r>  E 
4;{  2:5  08  E 
48  18  —  E 
4838—  E 

27°  26' 

28  21 

29  45  , 
28  30 

24  58 
24  23 

()"55"'48* 
0  55  69 
0  56  14 
0  55  52 
0  55  03 
0  65  09 

Siberia. 
Irkutsk 

•1 

52ne'—  Nj 

104''18'33 "  E 

28»  28' 

0"65'"44* 
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TABLE  1.  Cotd, 


Htatiou. 


Alia  Kbior. 

Baunt 

Russia. 
.Tnrjew  , 

Java.  =i 
Batavia 

Philippines. 
Manila  j 

China.  i 

Sluvugliui  (ZikaM'ei)  ; 

\ 

Japan. 

Tokyo 

Kobe 

Onnku 

Tadotsu.  J 

'I 

Formosa  (Japan). 

Taihoku 
Taicbu 
Tainan 


1 

rosition. 

Epioentnd 

Time  of  Eijke 
z=t,  ((l.M.T.) 

Latitude. 

Longitude. 

Distances:?. 

1 

i 

N 

34»  41' 

58"'22'48"  N  ,  2(P48'2()"  E 
46  6818  N  316827  £ 


(J^8'—  SjlOeW—  E 

I 

14«34'41"  N  120»58'33"  E 


I 


Him  Xi"  K  12ri0'46"  E 


39  OH- 
84  41  — 

34  42  — 
34  17  — 


2r>°()2'  — 
24  09- 
22  59  — 


N  141  07 
N;l»6  11 

X  135  31 
N  133  4<i 


N  121"3()'- 
N  120  42  - 
N  '120  12  - 


ttanritiiu. 
Sorvls. 

Belgiade. 

Germany.  \\ 

I'otstlaiu. 

.Tenn. 
HAm1>iilig: 

( iottingou. 


,1  mi  —  S  j  67°31'- 
i  44''48'—  N  20^)9' 

ii 


60  60—  N  I  11  35 

63  33  65  K    lo  01 

r>1  38  ^-  N  ,    9  58 

4t<  35  00  N     7  4G 

I 


42'  49' 
37  20 


42*  36' 
43»  34' 

37°  24' 


K 

r>v 

2<i' 

E 

51 

39 

E 

48 

03 

E 

48 

19 

E 

47 

U2 

E 

,39=» 

27' 

£ 

39 

05 

E 

39 

06 

65" 

) 

16' 

E 

46*»  29' 

E 

49" 

48' 

50 

10 

E 

4H 

E 

.")! 

34 

E 

51 

45 

E 

53 

31 

0  57  52 
068  64 


068  33 
058  25 
0  63  17 


0"59'"08' 
0  69  08 
068  86 
0  68  61 
0  68  49 


0  67  19 

0  68  54 
0  67  47 


0''58™4r»^ 
058  44 
056  64 
0  58  14 
0  58  55 
0  58  2U 


Google 


Indlftii  EnrtlM|iMke  of  190$.  If. 


9 


TABLE  I.  Cant 


Positiou. 


I 


Station. 


lAtitnde. 


AuBtria-Kuiigiiry.  j! 

Krakan  || 
Ijaiboch 
Triest 
Pola. 

Sweden. 
Upmla. 

Italy. 
Measiiiar 
Pott  d'laeliia. 

Rncca  di 

Queroe  (^Floi-euce). 
Ximeiiiano.  {„) 
Qnarto-Casfcello  („) 
Padova. 

Great  Britain. 

Ediuburgli. 
Birmingham. 

Shide  (I. 

Liverpool  (Bidatou;. 
Faialej. 

Spain. 

8au  Feiiiaudo. 

Azores. 

PoDta  Delgada. 


Epicenttnl 
Longitude.  jDi»tw«»='' 


Tinioof  Eqke 
OccuiTeiu'e 
=/i  (G.M.T.) 


4(i03— 
45  3845  K 
44  5149  N 


38"11'45"  N 

40  44  27  N 

41  40  —  N 
43  4718  N 
43  46  40  N 
43  4911  N 
4a  24  a  N 


ryV'lH'OG"  N 
'n't  67  23  N 
.52  28—  N 


■)()  42 
03  2404 
65  51—  N 


14  30—  E] 
IB  4545  E: 
13  5044  E 


ir37'30"  E 


16*3318"  E 

13  5(5  34  E 

12  42—  E 

11  10  42  E 

11  ir>  24  E 

11  13  11  E 

115218  £ 


0=^18'4G"  Wi 
3  10  40  W, 
163—  W| 
Ni   119—  Wi 


3  0418  W 
425—  W 


Canada. 

Victoria,  B.C. 
Toronto. 

Hawaii. 

Houolulu. 


4")^  30' 
49  19 
49  63 
49  55 


4r  41' 


49»  4fi' 

■»(>  :',() 

51  la 

51  54 

51  55 

51  56 

51  20 


58'  05' 
58  48 
58  49 

58  r,2 

59  18 
59  30 


30^27  40"  N  I    G°12'19"  W,     CO*  47' 


37  40  —  N  I  25  41  —  W|     79  54 


Cape  of  Good  Hope.  '^3  50  03   S!  18  28  41  E      85  46 


48  27  —  N  123  22  —  Wf     97  42 


43  3936  N 


79  2324  W*  101  30 


2119-   N 1153  04—         108  27 

I 
j 


0  58  40 
0  58  44 
0  58  50 


0  58  22 


0.59  00 
0  58  5<; 
0  58  51 
0  59  08 
0  58  33 
(t  5S  47 
0  58  58 


1  00  12 
1  00  00 
1  00  35 
1  01  00 
1  00  30 
1  00  00 


1  02  30 

101  00 

1  02  30 


1  00  48 
1  06  36 


1  04  30 
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TABLE,  i.  ConL 


Stiitiuu. 


United  States. 

W'iisliiijf^tou. 
Ckelteiiiiiim 

Porto  Rico. 

Samoa  (Apia) 

New  Zealand. 

CliristchmcL. 
Wfilliugtoii. 

BnoiL 

Uio  de  Janeiro. 

Mexico. 
Tacnbaj'tt. 


rositlon.  I  Epioentnil 

UtiliMle.    ,  T.oi)gi(;udo.  I>i»*«'™5e='. 


N    77(»;JO<;  W  ior>  17 

38  44  00  N  70  5030  W  105  "ii 

\ 

iStm  -    ^    ii'>'2ii—  W  118 

i 

13  48 '14  8  171  45  54  W:   115  08 

I  I 

I  ! 

4:j  M  ')()  s  17-2  :i7  IH  E  nr. 
41  17  —   S  174  47  —  E  '   115  45 


Time  of  E«|ko 
Occuireuco 
=i,  (G.M.T.) 


122  5424  S 


I'  19  2418  N 


43  1021  W 


120  63 


99 1137  Wi   128  39 


r'l(r;5i»' 
1  08  25 
108  39 


1  10  li.> 
101  3fi 


1  10  00 

109  48 


159  41(?) 
Ill  25 


Fig.  0.        Jiorth  i'ole 


7.  JJlrectiona  of  Observing  StatioM  relative  to  the  Earths 

quake  Origin,  Table  II  gives,  for 
a  number  of  the  obscn-ing  places,  be- 
sides tlio  r]>ic(*!itral  arena!  distance  (x) 
expressed  in  km,  the  a/.iinutli  (^1)  of 
a  given  station  with  respect  to  the 
earthquake  origin,  and  the  asdmuth 
(B)  of  the  latter  with  i-espoct  to  the 
former,  lH)th  counttHJ  from  the  north.* 
{ik'c  Fig.  3,  iu  wliich  4>  and  have 


*  This  enlotiktioii  hta  utaj  kindly  been  mtAnldilnii  1>y  Ur.  K.  Oi,  AwHtunt  Italesaor  in 
tbo  Beiencd  and  Eaginoering  Oolttfgp,  Kj6/to  Imperial  UniTeraity. 
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the  same  nieaiiinjjrs  :is  in  the  pi(  <  i'*lin;r  §).  'Y\\v  a/.inuithsi  A  aud 
B  have  been  culeulutcd  I>y  tlio  following  ioimulac : — 

,    t  f«  d>.  Kin(A— ^)  . 

siu  yi=    —    .   » 

Hin  X 

81U  /»—      •    -  .     • 

tnu  :9 


TABLE  U.    Diatiuice  aail  Aiumiith  oi  Observing  SLiitioiis. 


Epioeatitil  Disttmce. 

A> 

'.iniutli  A. 
oui  Korih) 

•Vziiimth  /?. 
(from  North) 

in  Ang^. 

in  ktn. 

Tiflis. 

H050 

W 

59^41 '37" 

t: 

79-22-20" 

Osfik;i. 

48  19  11 

5372 

!•: 

09  50  31 

\V 

75  59  20 

Potstlurn.  ' 

4!)  47  4H 

5530 

w 

42  52  5e 

i: 

88  02  40 

Tokyo. 

r,i  -J.-,  47 

r)7ls 

I-: 

07  25  58 

w 

75  05  30 

( totting.  Ml. 

."il  45  10 

5754 

w 

40  48  18 

i: 

85  01  ]0 

(^aaiUi-Cttati'Uo. 

id  50  07 

5774 

w 

50  ttl  45 

E 

79  49  50 

Kew.  . 

58  05(U 

e45K 

w 

45  43  22 

E 

77  3610 

San  FiU'iiAodoi. 

(1(5  47  11 

7425 

w 

00  20  J  7 

00  39  (HI 

Toroiifi ». 

101  29  49 

11285 

17  1154 

20  19  10 

Wusliiu};ton. 

105  i(;ay 

11705 

20  4011 

22  4014 

riioittMiiiuu). 

1^2  21 

11710 

w 

20  53  42 

22  51  43 

Cliristi-lmrcli. 

!  ] ii:5  n 

12792 

K 

127  12  2<) 

\v 

(J8  59  (»1 

W'clliiigtou. 

115  44:^0 

12808 

iE  124  15 11 

vv 

09  10  20 

Itio  de  Juneiro. 

126  5319 

U106 

W 

961058 

£ 

66  3204 

Tacubaja. 

128  3855 

14303 

w 

4  3554 

£ 

4  0831 

As  will  be  Hecii  iVeni  tbe  above  table,  Tncnhayu  lie.s  very 
jieat  lx*  on  the  iiieiiiliaii  passing  tlirough  the  oailhqujike  eentre ; 
while  the  azimuth  (B)  for  Tiiilgf  Osaka,  Tokyo,  Potsdam,  Gottingcn, 
Quarto-Castcllo,  and  Kew,  is  not  much  different  from  dO'\  varying 
between  75 '  and  88'.  It  may  be  concluded,  therefore,  that  the 
NS  and  EW  components  of  the  seismogiani  at  Taciibaya  cor- 
rc^JMinded  almost  exactly  to  the  luiujUudinal  aud  Iran.iccr.^c  irares 
respectively.   On  the  coutniry,  the  same  two  components*  at  the 
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7  other  alwvc  named  stations  appiminuitely  corri'spondod  to  the 
iranscersc  and  longitudinal  icaves,  iX'SjMX'tivcly.  Of  tlio  remaining; 
places  fjjiven  in  the  table,  Toronto,  Washington,  and  Cheltenham, 
arc  situated  not  very  much  out  of  the  meridian  through  the  origin 
of  disturbance,  while  the  azimuth  for  San  Fernando,  -Christchurch, 
Wellington,  and  Bio  de  Janeiro,  was  nearly  70' .  The  approximato 
relation  to  Uie  ]><)siliiiii  (if  the  earthquake  centre  of  the  other 
Htations  not  above  nu  ntioned  may  be  inferred  from  that  for  those 
places  given  in  the  table. 

8^  Character  of  the  Meseiemie  Motion*  The  eartliquako 
motion  due  to  a  distant  origin  consists  generally  of  a  series  of  dif- 
ferent seetiont?  or  stages,  in  each  of  which  the  perio^r'''  n  inn  ins  essenti- 
ally constant,  while  the  amphtnde  is  also  on  tlie  wiiole  constant, 
except  for  the  occurrence  of  maximum  and  minimum  groups. 

Fig.  4, 


I      I   M      ^  '    i      i      i  : 

4i       6    d  e       f       g        k       i  J 

The  successive  sections  of  the  eartliquako  motion,  illustrated 
in  Fig.  4»  arc  as  follows. 

The  preUminary  tremor  (a  b  c),  which  consists  principally  of 
vibrations  of  small  amplitude  and  of  comparatively  short  period, 
is  divided  into  the  1st  section  or  ihv  Jirst  preliminary  tnnioi-  {a  b), 
and  the  2nd  section  or  the  second  preliminarif  trnior  {b  c).  Com- 
mencement of  the  latter  is  marked  by  an  inci'case  of  the  amphtude 
and,  in  many  cases,  also  by  the  appoarance  of  slow  vibrations. 


*  The  tern  '^I'kaioa"  is  used  in  Oie  Mima  of  Uw  empMt  period. 
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Tlic  principal  poi'tion,  wliicli  comprises  thi*  3r(l  to  7th  sections 
{cd,  de,  /g,  ^&),  denotes  Uie  most  active  part  of 'an  oartiiquake» 
which  follows  the  preUmiiutiy  tremors  and  consists  of  movements 
of  larger  amplitude.  The  subdivisions  of  the  principal  portUm  are 
as  follows: — ^The  1st  phase  (3rd  section),  consisting  of  a  few  very 
slow  vibrations ;  the  2nd  phase  (4tii  seciion),  consistinjr  also  of 
slow  movements  wliose  jK^riod  is  somewhat  shorter  tlian  iu  the 
1st  phase ;  the  Srd  pltaae  (5th  section),  consisting  of  vibrations  of 
period  much  quicker  than  that  in  the  preceding  two  phages;  the 
4tk  phase  ((>th  sectim)  and  the  $ih  phase  (7th  seciim),  the  vibra* 
tions  in  these  two  sta<5es  being  quicker  and  smaller  than  in  the 
iird  pha&e. 

Lastly,  the  end  portion,  or  taU,  which  comprises  the  8th  and 

subsequent  secUons,  {hi  )  denotes  the  feeble  finishing  part 

of  the  earthquake  motion,  following  the  principal  portion. 

In  earthquakes  of  near  oi-igin,  the  motion  is,  on  account  of 

the  predominance  of  <|ui(*k  vilnations  of  macro-seismic  cliaiaefor, 
nuicli  more  conipkx  than  in  distant  earthquakes,  it  being  generally 
dithcult  to  subdivide  the  principal  portion  into  the  different  phases. 

fkange  of  Motion  ((Dottble  ^mplUtuU)  and  fDuraiion.  The 
relative  magnitudes  of  vibrations  in  the  successive  sections,  or 
sttiges,  of  the  tek'seismic  disturbance  are  diflerenfc  from  these  of 
tlie  near  earthquake  motion,  the  predominating  periods  in  each 
epoch  being  different  according  to  the  epicentral  distance.  In  the 
case  of  the  11  large  distant  earthquakes  observed  between  1890 
and  1902  in  Tokyo,  the  relative  magnitudes  of  motion  in  the  sue- 
cessive  sections  of  motion  were  as  shown  in  the  2nd  column  of 
Table  111.  From  the  kilter  it  will  be  seen  that  the  range  of  motion 
in  the  Isfc  pn^iminnry  tremor  (1st  section)  was  only  about  |th 
or  ^-th  of  that  in  the  2nd  and  Srd  sections,  namely,  the  2nd 
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prdirainarv  tromoi-  and  the  1st  pliasc  of  tlio  ])rincipal  portion; 
the  2nd  phase  '(4th  section)  of  the  latter  having  the  maximum 
motion,  ^vlli(•h  is  more  than  times  greater  than  tliose  in  tlie  two 
preceding  sections.  The  ninges  in  the  3rd  and  1th  jtliases  of  the 
principal  })ortion  wore  res|R'ctivt'!\'  about  12  and  8  times  greater 
than  that  in  the  1st  preliminaiy  tremor.  The  mt^tion  in  the  next 
phase,  Ttli  section,  was  e<|ual  to  that  in  the  2nd  preliminary  tremor 
and  the  succeeding  phase,  and  may  he  regarded  as  forming  the 
tinishing  }>art  of  the  principal  jKirtion ;  the  8th  section,  whose 
motion  was  still  smaller,  properly  belonging  to  the  tail  ov  end 
portion.  As  shown  in  the  3rd  column  of  Table  III,  the  durations 
of  the  successive  sections  of  motion  were  roughly  equal  to  one 
another,  the  1st  and  2n(l  phases  of  the  principal  [)ortion  being 
taken  togetlier.  Fig.  5  gives  a  diagramatic  re])resentation  of  the 
ti'leseismic  motion,  so  far  as  the  durations  and  am])litudes  are 
concerned.* 


Fig.  8. 
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(Periods.  There  are  a  number  of  jxiiods  occurring  in  different 
l)arfs  of  the  cai (liquake  motion.  Amongst  others,  the  two  i)eriods 
denoted  by  J\  and  P>  occur  very  often,'^'  being  respectively  identical 
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Nvitli  tlie  two  periods  and  of  tlio  "  pulsatoiy  oseiilations." 
Other  periods  of  microsoismio  or  insensible  nature,  which  are  of 
a  more  or  less  frequeiit  oecntrence  may  be  denoted  by  Ft,  i»* 
  The  average  vahie^  of  the  different  periods  are 

as  folloNv.s  :  — 


P,=  4.2 

sec. 

P,  z=.^2.:i 

P,-  H.7 

n 

P,  ^35.4 

P,  11.1 

n 

/^  17.5 

»• 

i»,i=45.0 

A- 20.4 

'» 

)» 

>t 

In  tiie  4th  cohimn  of  Table  III,  which  gives  the  periods  of 
the  pr«dominRtin<::  \ibrations  in  the  different  seciions  of  motion  of 

tlic  siiiiic  11  irioat  tolosoi^jmie  (listuibances,  those  of  a  specially 
frequent  occurrence  are  printed  in  fat  churacteiu 


TABLE  111.   Amplitudo,  Duration,  and  Periods  of  Great 

Teleseismic  Motion.    (Tokyo  Ob3er\'ation,  1899-1902.) 


Phase  of  Motion. 


Iftt  Pri'limiuju  v  Ttvinor.  ' 
2ml  „  I 

1st  ViiAHA,PHuc.  Portion.! 

2ii<l    „  i 

Anl 
4th 
/iih 

Mtl.    .Soctioii    f  Tail  I 
End  I'ortiou  (Tail>. 


ff 


Jit'liitivu 


10<) 

mo 

r)r>o 

1.S2(» 
1220 
840 
500 
430 


Diiratiou. 

Fredominating  Periods. 

100 

95 

49) 

~" 5  Pj  »  •  •  .  Pi'i  t*w  •  •  Pja 

— - ;  Pj  ;  . .  .      ;      ;  Pj, 

91 

T>  •  P 

•  •  •  ••-••.')'•*  6 

95 

95 

-;P.;  JP,;P, 

-;P.;P, 

88 

-; 

As  >viU  be  awn  from  the  above  table,  the  period  P»  (=8.7 


1 


l(i  F.  Omooi : 

sec.),  wliich  occurred  very  frequently  in  tlie  Ist  and  2nd  preliminary 
tremors,  happened  more  or  less  almost  through  the  entire  series 
of  the  different  sections  of  motion.  In  the  2nd  preliminaiy  tremor, 
slow  periods  of  Po  (=24.9  sec.)  and  Pj  (=2S.3  sec.)  bej^  to 

appear;  wliilc  in  tlio  1st  pluise  of  the  principal  portion,  veiv  slow 
periods  of  P,o  (=41.8  scf .)  and  (=54.0  sec),  were  of  a  frequent 
occurrence,  in  the  2nd  pliase  of  the  same  portion,  the  predomi* 
Dating  period  became  a  little  shorter  and  P,  (=35.4  sec.)  occurred 
Yery  often.-  In  the  3rd  phase  of  the  principal  portion,  the  vibra' 
tioiu  still  further  quickened,  the  periofl  of  Pj  (  =  20.4  sec.)  occur- 
ring most  frequently.  In  the  two  subsequent  phases  of  tlic 
principal  portion  and  the  1st  phase  of  the  taiU  the  predominating 
period  vras  (=14.1  sec).  Towards  the  end  of  motion  the  period 
of  common  occurrence  became  again  Ft  (=8.7  sec.),  being  the 
same  as  that  prominent  in  the  1st  and  2nd  preliminary  tremor. 

The  foregoing  short  account  of  the  tck-seismic  motion,  based 
on  the  previous  observations  made  in  Tokyo,  has  been  given  for 
the  sake  of  i<eference,  the  complete  discussion  on  the  characler 
of  the  vibrations  being  reserved  for  a  later  chapter. 

9.  Time  of  Oeeurrenee  of  the  Kangra  Earthquake* 

i  i  )  Tinic  of  Earthquake  Occurrc:icc  infcn'cd  from  Tele- 
seismic  (Records. 

The  time  (=4)  of  earthquake  occurrence  at  the  origin  itself 
may  be  estimated  by  the  following  formula^: — 

<i,=^-1.166  y,   (1) 

in  which  and  y,  denote  resjxKitively  the  time  of  conunencement, 
and  the  duration  of  the  Ist  preliminary  tremor,  of  the  earthquake 
motion  at  a  given  observing  station.  This  equation  is  to  bo 
regarded  as  being  roughly  approximate,  but  seems  to  give  fau'ly 

•  i'be  iivdittln  cf  {he  Inijjeri'H  iuirtUqwike  InitsiigatioH  QammUUe,  Vol.  1,  No.  I. 
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satisfactory  results  ;  the  time  of  occurrenee  at  the  oriirin.  estiinutt'd 
by  (1),  agreeing  iii  tlie  cases  of  the  Calabrian  earthquake  of  Sept, 
8,  1905,  and  of  the  San  Francisco  earthquake  of  April  18,  1906, 
almost  to  within  1  minute. 

For  the  time  of  commencement  (Q  of  the  Kangra  earthquake, 
wc  have,  ajtplying,  for  example,  the  Ti>kyo  observation  to  tlio 
equation  ( 1 ) : — 

i{^<f  59"  08»  (G,M,T.);  y,=?"  16". 

A,=0*  59"  flfi'-(1.165x436s)=0'»  50"  40*  (O.M.T.) 

Again,  taking  the  averages  from  tlie  observations  at  the  18  stations 
of  Tokyo,  Osaka,  Mizusawa,  Tadotsu,  Kobe,  Upsala,  Laibach, 
Triest,  Pola,  Potsdam,  Leipgdg,  Gottingen,  Messina,  Ischia,  Bocca 

dt  papa,  Querce,  Ximeniano,  and  0"^>rto-Ca9tello,  whoso  epicentral 
distance  varied  between  47   02'  and  51   5G',  we  obtain ; — 

meon  /i=0^  58"  58»  (G.M.T.);  yi=7'"  12* 

^0=0*  58-"  68»-(1.166x432*)=0*  60™  35'  (G.M.T.) 

Tiiese  vahies  of  ^  agree  very  well  witli  the  time  of  occur- 
rence at  tlie  origin  inferred  from  the  magnetogi-aph  observations 
made  at  Dehra  Dun,  namely.  Oh  49m '48s,  G.M.T.  (See  the  next  §.) 

( ii )   Earihcfuake  (kecordcd  by  Magneto g:\rphs. 

The  onlv  instrunieutal  record  of  the  shock  within  the  meizo- 
seismal  area  is  that  given  by  tlie  magnetogi-aph  at  Dehra  Dun,- 
which  is  thus  extremely  valuable  in  connection  with  the  determina- 
tion of  the  time  of  earthquake  occurrence  at  the  origin  of  distur- 
bance. The  followin*!:  detailed  account  respecting  the  maguet(  jgrams 
obtained  at  Di'hra  Dun  and  thit'e  otiier  stations  of  iianackporc 
(near  Calcutta).  Kodaikanal  (Madras),  and  Tamigoo  (Burma),  has 
veiy  kindly  been  furnished  by  Captain  Thomas,  the  officer  in 
charge  of  the  Magnetic  Department  nt  Dehra  Dun,  and  his  assistftnti 
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Mr.  MuzuiiKliir ;  u  vt*ry  imfiil  cliouk  on  the  time  found  for  each 
plueo  consisting  in  comimring  the  interval  betwei»n  the  earthquake 
shock  and  a  well  marked  apex  in  magnetic  disturbances  eitlier 
pi'eceding  or  follovring  the  latter. 

"On  the  Time  of  the  Principal  Earthquake  Shock 
on  the  4"'  April  1905  as  registered  on 
Magnetoffraph  Curves. 

*' /.ccuracy  of  J/fastiremenf  Tlie  pmfo«!s  of  iTiousni  iug  the  exact 

inotueiit  of  time  ui  u  jiiuticnilar  point  on  tliu  luue  is  bimloued  with  fieveml 
83urces  of  error,  in  the  meAsnrement  of  small  qiiantitteH. 

**  The  oceordauoe,  however,  of  iimuy  of  the  lofiiilts  in  the  foUowiug 

§§  'nhen  indepeudeut  fneaftnren  were  taken  by  two  cat  move  obMarens^ 
such  that  them  should  be  no  heaitatioa  in  acoeptiug 
at  leaet  to  1  minute  of  time. 

There  is  moreover  a  cheek  on  the  times  found  for  each  obeervatorr, 
by  oompariiig  the  interrab  deriTed  from  the  time  of  shock  at  each  obser- 
vatory mUk  the  tntenrals  obtained  bj  measnring  the  interval  between  the 
shoelcs  and  the  well  marked  apices  of  disturbances  on  the  same  date. 

"  Two  apices  of  difttnirbanoe  have  been  ntilized  ami  the  nioasure- 

luoul  h;is  Im'Oii  inudo  in  two  ways.  An  additional  a(l\antuj^r'  a])})lit's  to 
these  methods  iu  that  error  of  cut  ofii  paraLlas,  and  enw  of  clock  are  not 
involvod. 

"In  the  first  tlie  absohite  time  of  the  apsx  of  disturbance  in  found 
and  the  time  interval  derived  by  applying  the  absolute  time  of  the  sbcxsk 
ahceady  determined. 

''In  tlie  second  the  interval  is  measured  direct  

**  Md^tod  f)f  oUahung  I^me  at  ike  vaiiom  oburwdarkt.  Before  tabula- 
ting the  resnlts  of  the  measurements  of  the  magnetograms,  and  comparing 
them  as  above  saggeeted,  it  would  be  well  to  briefly  indicate  the  methods 
of  obtaining  correct  time  at  the  various  observatories. 

'*At  Dehra  Dun  time  is  obtained  hy  comjmrision  of  the  ol>3eiTer'3 
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chiouometer  with  the  nideieal  clock  at  least  twice  a  week^  enom  ou  other 
days  being  interpolated  by  the  ratoH  thus  obtained. 

**  At  Jjfuri'ackpore  and  Tauiigpo  time  ie  obtained  bjr  obaerratioos  to  £ 
aud  W  stars. 

**  At  Kodaikonal  time  is  oUained  by  telegraphic  eignal  from  Madxaa 
daily  and  the  obaeirer'a  dnonometer  is  oompored  daily  witk  the  Solar 
Phyaics  Obaerratory  dock. 

**  At  all  ofaaervatorieB  the  driTiiig  dodc  of  the  magnelographs  is  com- 
paved  daily  with  the  standard  dironometer  by  means  ol  a  pocket  chrono- 
meter but  as  before  stated  in  tlm  absence  of  a  eeoond  huid  an  tiie  driving 
dock,  this  determiuatiou  is  likely  to  be  in  eivov  some  seconds. 

2'ime  qf'  principal  shock  measured  from  mogndograpta, 

**  I.   Direct  measurement  of  time  of  shook.  (All  in  Madras  time,  oor- 
rected  lor  emHcs  of  clool^  parallax  and  ont  off). 
Observer*  Capt.  Thomas  MaEamdar 


Dehra  Don . 


Bamuskpore 


(H 


r 


Oman 

&!-111S-^     6LJlli!La9«  6%_ll--27» 

6^11.^      6—11-46  6— 11-^33 
(Mean^e  ^11-98.) 

«_16_12      «— 10-26  6—16—29 

«_17_5        r>— 16— 50  6—16—55 
{3Ieaji  =  l)  —  hj — 11) 

(i._21— 10  21— 37  6—21—30 

6—22-4       (i— 2-2— 36  6—22—30 
(ifcan=6— 22— 0) 

6—20—3       6—19—45  6—19—68 
very  faint — not  measured 
(Jfton=6-19-l>5) 

These  g^ve  intervals: — 

Behra  Dun— Banackpore =5"^— 03* 
— Kodaikanal  =10—22 
— Taiingoo     =  8—17 


Tuuugoo 


-1! 


d 


(a 


n 


11  truoi  Hi'  curvu ;  S  from  l>cd.  vxxxxe. 
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"II.    IMeiisui-ement  uf  time  iutt$ivul  l)ei\vtitiu  hu  himx  (a)  u£  lauguetio 
distarbauce  and  time  of  the  earthquake  shock.* 

(t)   Ahealate  time  of  apex  ol  disturbanoe  (a). 

Delua  Don  Bacmelcpore  Kodatkanal  Tauiigoo 
9i_i25L.aa'      9!:_12!=-09"      9!i-12!!-21»  9L413L.11' 

Unbttactiqg  these  values  from  the  time  of  pducipol  aliock  we  get : — 
Dehra  Dim      Banaekpore     Rodaikanal  Taungoo 
3—0—41       2—65-35       2—60—21  2—51—17 
This  gtvee  times  far  interval  :— 

Behn  Dun— Barrackpore = 6« — OG* 
— Kodaikanal  =10-20 
„       —  TuuiigcH)      —  9 — 21 
(i*)    Direct  iiionstiioiueut  of  time  interval. 

l>elmi  l>iiu  Jiamickixjre  Xodaikaual  Tuuiif^oo 
a_0_8()        2-55—22        2-50—17  2—51—3 

This  givoB  timtjs  ioi  interval: — 

l>elu'u  Dmi  — Bamickiwi-o  =  5"' — 09' 

-  Kolaikanal  =10— 08 

— Tauijgao     -  »— 28 

ni.  Absolute  time  of  an  apex  of  magnetic  dititnrbanoe  (b). 

(i)   Dehra  Dim     Bonuckpore      Kodaikanal  Tautigoo 

2—  81—46       2—31—40       2—31—46  2-30—35 

Sdbttaotiiig  time  of  piueipal  shock  we  get : — 

Dehra  Dim      Banuckpore     Kodaikanal  Taungoo 

3—  40-00       3—44—69       3-^0—16  3—49—88 

The  diffeieiiceB  are: — 

Dehia  Dim — Banaekpore=4'"-<— 59* 
„      —Kodaikanal  =10— 15 

—Taungoo      =  9—38 

(u)    Diitct  juoasiuomejil  ot  iiitt'i\al  iVoiii  uiX'X  (b)  to  priuciinil  shock. 
Delnu  Dun       liarruckjxiro       Kodaikanal  Tauugtx) 

a—ay -51      ij— 41—54      a— 49— 55      a— 49— lo 

*  'Hip  mGnsnremontB  beie  giT«n  taa  Hha  means  of  Uumm  nude  hj  Capt  TboBMB  mA  Ht. 
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Tlietie  give  the  time  difkreuow: — 

Delim  l>titt— Bftmckpow=5'"— 03" 

„  —  KulHikuiial  rzlO— 04 
„        — THUHg(x>  *.)— 25. 

"XY.   Absoluto  times  of  disturbftuces.   As  found  ihos»  are 

DutlorUiuce  (b)  Distorbanoe  (o)      l^flbrenoe  (a) -(6) 


Debia  Ihm  ..2—31-46 
Bamckpoie .  .2—31-40 
Kodaikanal  ..2-31-45)  9—12-20 


9-12^22 

tnccm 

L2— 31-44  9-12-^ 


mean  6-^40—36 
1.9—12-17  6-40-29 
6-40—36 

Tatu^  ,._2— 30— 35  9—11—11  6—40-36 

l>iftei-euce,  Mean — THUUgoo^l™  08" 
TliiH  proves  that  th«  (liMturlmneeH  are  Himnltaiieons  at  uU  «»bserviitorie8 
within  lilt!  limits  of  mciusiinjiiuiiit  uml  that  Tauiigiw  time  is  slow  1"'  08" 
while  tlie  time  at  the  otlier  tliree  obHei  vfttorie.s  is  very  good.  Tliis  couuhi- 
siou  is  furtlier  \xmie  out  by  aouaideiaiioQ  of  the  interval  Behra  Ihm^TauQgoo 
by  tbe  two  methods  of  ueaanxemMt. 

Belu-a  Duu-Taungoo 
By  direct  measmttment  of  time  of  aliock   8*°— 17* 

By  measDiement  bom  magnetic  disturbances  (wbicb 

eliminates  ertor  of  dock)   9""— 27" 

or  Taungoo  time  sbw  1*"  10* 

and  lueaii  correction  to  Tanngixi+l'"  09* 

"  V.    Com|)aii8ouH  of  tlie  intenahi  o£  time  found  from  Deluu  Dim  to 

the  other  obfierTatortea 
Dehra  Dmi — Barraokpore : — 

(t)   Direct  measurement  5" — 3' 

(tl)   By  measaveroent  from  distnrbauoes. 
Deliva  Dim  —Kuluikaual : — 

(i)    By  dii-oct  nioasui^nieut   10 — 22 

(iV)    By  mea-surenient  from  distarUiucos  10 — 13 
This  shows  that  the  clock  times  at  Behra  l>un,  Barxackpore  and  Kodai- 
kanal  aire  practically  conect 


metin 


..6-— 3"  ) 

\  S"— 04* 
I.  .6  —5  ) 


10—18 
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"  VI.  Final  values  of  time  of  priucdpal  Hlioek.  For  iho  reasons  8lK)\vn 
in  V  there  is  do  gnxxl  reiuwii  for  not  jucppting  tbe  times  pr'vt^n  for  lleliru 
Dun,  Eodaikanaly  and  Batzackpare;  tlie  only  oonecUon  U  ilieu  (o  add 
1"  06"  to  tlie  Taoogoo  time. 

The  times  then  become: — 

(Mmlnw  TimiO       ((?  M.T.) 

]>ehm  Dun    (j_ll_38  =  0-50—38 

HaiTttckpore   (J  - 1«— 41  =  0— 55  _ }  1 

KiKlaikanal    IJ— 22— OU H—(M> 

TamigDO    (i_21— 03=1— 00— 03 

(iii)  T/ie  Probable  Thne  of  Earthquake  Occurrence  at  the 
Origin.  Tlius  the  time  of  earthquake  disturbance  as  registered 
by  the  magiiutogrKpli  at  Dehm  Dim  was  0"  r>0"' 38\  (J.M.T.,  the 
approxinvatc  distaucc  of  that  place  fi'om  the  most  centiiil  pait  of 
tiiD  epifoual  ssone  being  1"^  45',  or  195  kiii.  Within  such  an  epi- 
central  distance,  the  velocity  of  propagation  of  tlie  Ist  pielimi* 
nary  tremor  is  probably  5  or  6  km  per  see.  If  we  assume  the 
velocity  to  Iw  <»  km  per  sec,  the  time  taken  by  the  neismic 
waves  in  travelling  tiiu  distanco  of  1U5  kui  would  be  about  32 
sec.  Now,  as  the  magnetograph  is  not  so  sensitive  as  a  seismO' 
graph,  ,the  time  moment  recorded  at  Dehra  Dun  might  corres> 
pond  to  the  commencement  of  the  principal  portion,  the  duration 
of  the  total  preUminary  tremor  being  probably  some  20  sec. 
Thus  the  tinu'  of  (;arthqiuike  occiirreuce  at  the  epicjentre  may 
approximately  be  taken  as  0"  50'"  38*  minus  about  50  soc.,  or 

/„-0"49'"4r   (O-  M.  T.) 

10.  CamparUon  of  Magnetic  and  SeUmagrapiiie  Records, 
( i )   Acooixling  to  the  Milne  horizontal  pendulum  seismo- 
gmm  at  Calcutta,  the  times  of  commencement  of  the  1st  prelim- 

inaiy  tiemor  and  the  princi^wil  i)ortiou  were  respeeties  iy  0''  52"'  OU* 
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an<l  0''  55"  24'  (j.M.T.  Bat  according  to  tlie  magiiotograph  re- 
cord obtained  at  Barrackpore*  which  is  not  far  from  the  above- 
mentioned  place,  the  eartliqnake  dlsturbanco  b^n  first  at 
0*55"41\ 

( ii )  At  (  uliiii;),  lV>inbay,  tlio  tiim  s  (if  onninioncoinciit  of  tlie 
1st  preliminary  t:  i  inor  and  tho  principal  portion  wort',  according  to 
the  Colaba  "  BeiMmograph,  0"  53*"  08'  and  0"*  OG*"  39%  respectively. 
The  times  of  the  earthquake  disturbance  indicated  hy  the  mag- 
netogiaphs  were  as  follows: — 


The  coinmoneemont  of  the  distni'bance  registered  bv  tlie 
l»arograph  was  0"56'"44%  being  practically  identical  with  that 
indicated  by  the  magnetographs. 

(iii)  The  times  of  commencement  of  the  earthquake  motion 
at  Kodaikanal  wei*e  as  follows  : — 


From  the  [)recedtng  comparisons,  it  will  be  seen  that  the 

distnrbanees  i-eeordi'd  by  tbe  (bfl[ei<»nt  magnetognipbs  were  near- 
ly siiiuiltinieons  with  tlje  pritu-ijiiil  jKMtion  in  the  seismograms. 

(iv)  The  commencement  (if  the  disturl)anco  in  the  Tanngoo 
magnetogiaph,  which  happened  at  l"  00"*  03%  mnst  also  evidently 
lie  that  of  the  principal  portion. 

The  above  magiietograpli  observations  may  be  divided  into 
two  ^i-onps»  according  to  tlie  epicenti-al  distances,  as  follows 


H.  F.  Magnetograph,  (>''5(;"'44* 
D.  „        .    0  07  14 

y.  F.       „      ,  0  r,7  14 


Mean  0  67  04 


MiliiA  Hor.  Fencl.  

Magnelpgroph  


Commencemeut  of  lat  Pi-el.  Trem.,  ()''ri5"'48* 
Ptnic.  Portn         <>  •"•n  43 
  1  01  00 
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Group. 

riaoe. 

Epioentval 
Diftlatioe. 

Time  of 
Coramfliioenieiit. 

Time  iiitcn  nl 
required  \yy  radial 
pivpagauau* 

A 

BfttTftckpoi-e. 

Boiiilmy. 

13^  32' 
13  30 

0»»  65*  41« 

0   57  04 

0  66  23 

!)«  53^ 
7  16 
6  85 

B 

Kodaikaiinl. 
Taungoo 

Mean  

21°  35' 
21  44 
21  40 

1"  01"  00' 
1   00  03 

1  00  32 

in  1.-, 
10  44 

The  "direct  metliod''  caiculationf  gives  the  following  values  of 
the  transit  velocity : — 


J  Group  {A)   3.80  km  per  ttec. 

(  Group  {B)   :{.73 

Mean  3.77  „ 

This  approximately  corrcs|X)nds  to  tlio  transit  velocity  of  the  1st 
phase  of  the  piincipal  portion.  The  *'  differeuce  method  "  calcula- 
tionf  gives : — 

relooit7=3.66  km  per  nee. 

12.  Analysis  of  Seismograms,   The  seismograms  which  I . 
have  analysed  were  nearly  70  in  number,  and  related  to  tlio 
following  .51  $;tations : — lokj/o  {  Hongo.  Hifotsuhaihi,  and  Central 

Meteorological  Ohserraton/)  ;  Mi:umwa  :  Osaka  ;  Kohr  ;  Tadoim  ; 
Tailtoku  ;  TaicJiu  ;  Tainan  :  De/u  a  J)fnr'':  Darrachpun;  -':  Bainbaij  (Co- 
lata) ;  laungoo^;  Cakuita  (Alipore) ;  Kodaikanal ;  Siianghai  (Zikmcei) ; 
Batavia;  Manila;  Laiback;  PoJa;  Triad-;  O^-Gyalla;  Florence 
{Ximeniano ;  Querce ;  and  Quarto  CasteUo) ;  hchia ;  Bocea  di  Papa ; 

t  See  tho  Bull.  Imp.  Enrthquakt  Inv.  Comm.,  Vol.  I,  No.  1. 

*  For  those  i^Uods  ixuickec)  wjtb  a^ipisks,  we  bare  onl^  mn^ctogm|)b  rtconls  o(  tli9 
MUttujiiakB, 
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Potsdam ;  Slroisbiwy  ;*  GMngen ;  Leipzig ;  Upsala ;  Birmngluiin ; 
<S%«le :  Km  ;  Liverpod  (Bidston) ;  Edinburgh ;  Paialey ;  iSon  ^er- 
lumefo ;  Jlfauri7i't» ;  Cap«  0/  6rooi  JSTop^ ;  Toronto ;  Victories  B.C. ; 

Baltimore ;  Washington ;  Cheltenham  ;  Tacuhaya ;  Wellington  ;  Christ- 
chwch ;  /i^io  rfe  Janeiro. 

All  the  analyses  have  been  made  on  the  sapposition  that  the 
vibrations  recorded  represent  the  movements  of  a  particle  of  the 
jiiound,  which  are  either  rectilinwir  or  curvilinear,  but  which  can 
be  resolvod  into  horizontal  an<l  \<'iti(  al  i*omp(»nents,  and  not  tho 
effects  due  to  the  tilting  or  inclination  of  tho  ;^round ;  that  is  to 
sa7«  the  range  of  motion  has  been  obtained  in  each  case  by 
dividing  the  actual  trace  on  the  seismogram  by  the  multiplication 
ratio  of  the  pointer  of  the  instrument.   (See  tlie  PubUeaHtm,  No.  5.) 

Tho  oloinonts  ()f  tho  earthqiiako  motion  relating  to  the  follow- 
ing 21  stations,  from  which  1  did  not  g<*(.  (topics  (tf  the  seismo- 
grams,  have  been  taken  from  various  monthly,  weekly,  and  other 
seismological  reports  : — TauMent ;  Tijlisx  Achatkalaki;  Batumi  Bor- 
shorn ;  Derbeni ;  Schemacha ;  Jtirjew ;  Nikolafew  ;  Irkutsk ;  Apia  (Sa< 
moa) ;  Vieques  (Porto  llico) ;  Honolulu  ;  Bairut  (Syria) ;  Ponta  Delgada 
(Azorer^) ;  Belgrade  ;  Krakau ;  Jena  ;  Hamburg  ;  Padova  f  ;  Messina. 

In  tlie  descnptions  of  the  f^eismograms  given  in  the  succeed* 
ing  chapters,  the  times  arc,  unless  otherwise  stated,  always  given 
in  the  Greenwich  Moan  Civil  Time.  The  symbols  2a  and  T  denote 
res|M'ctively  the  ranji;e  of  motion  (double  nmplitnde)  and  tho 
compK'te  jx-riixl  of  seismic  \il>ration;  a  dis[»lafement,  wliioh  is  to 
be  regarded  as  a  single  amphtude,  iRMng  denoted  by  a. 

•  The  plic»t(^rui>bic  repnxluction  ot  the  Slnuwlmrg  n-gistt-rs  were  too  fuiut,  nuil  I  waa  not 
olilo  to  uuilTm  iliem. 

*  T\iP  copy  of  tho  I'inlovu  Heismogmm  hail  linfbrtunatoly  mither  time  markint;  nor  ^'■■.\]<- 
ot  mngnitado,  so  thiit  I  Intro  tnkeo  tl)e  elements  of  motiou  from  tbo  HeisqiolagictU  bifllctji^ 
IflHQcd      FroC.  ViccQtini. 
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The  seismograuLs  obtiiiiKxl  at  the  diflorent  stations  have  been 
given  in  Pis.  I  to  XXII  of.  the  Publioationa,  No.  23. 


Chapter  II.  Open  or  large  time-scale  Diagrams 
of  the  Kangra  Earthquake,  ftimlshed  by 

mechanically  or  photographically 
registering  Instruments. 


12.  Iditt  of  </*e  Seiamograma.  The  diagrams  described  in 
this  cliaptor  are  those  registered  either  mechanically^  or  photogra- 
phically by  the  dilBbrent  sdsmographst  whose  record-rooeiver  moved 
at  a  sufficiently  liigh  rato,  enabling  ns  to  measnre  tlie  amplitude 

and  period  of  the  imlr*  idual  viluations.  The  following  is  the  list 
of  the  seiamograms  which  I  have  examined 


( 1 )  HongO,  Tokyo 

(2) 

(3) 

(  4  )  Hitotsnlmshi,  „ 
(  5 )  Kongo, 


£W  Component. 
NS 

Vertical 

E\V 


!  Ti  (  nnometer  Kecord). 


(  6  )   Central  Met  Observatory,  Tokyo :  £VV  Component.  (  „  ). 


(7)  Osaka 

(8)  Kobe 

(  U  }  Tadotsu 

(10)  Tailioku 

(11)  Taichu 

(12)  Tainan 

(13)  O'Gyalla 

(14)  Birmingham 


EW  Component. 
NS 

EVV 


EW  and  NS  Components. 

EW  Component. 
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(15) 

Washington  : 

N8  Compoueut. 

(16) 

Cheltonham  : 

EW 

>i 

(17) 

♦»  • 

NS 

I* 

(18) 

Tacubaya  : 

EW 

i» 

(H>) 

NS 

»* 

(20) 

Quarto-Castello  : 

EW 

ff 

(21) 

fi 

(22) 

Xiineniano 

.  Horizontal  and  Vortical  Compononts. 

(23) 

Iflohia 

;   NS  and  EW  (components. 

(24) 

Luibach  : 

Horizontal  and  Vortical  Compononts. 

(25) 

Pola  : 

NS  and  EW  Comix)ncnts. 

(20) 

Tricst  : 

,   Horizontal  and  Vertical  Ck>mpononts. 

(27) 

Manila 

Horizontal  Components. 

(28) 

Rocoa  di  papa  : 

>»  ft 

(20) 

Cohiba 

;    Hori55(intrtl  and  Vertical  Components. 

(30) 

i'otsduin 

:   EW  Componont, 

(31) 

»» 

:  NS 

>t 

(32) 

Gottingon 

:  EW 

»♦ 

(33) 

: 

•I 

(34) 

Lcit)zik' 

:  BW 

t> 

(35) 

:  NS 

»» 

(3(1) 

Upsala 

:  NS 

•* 

(37) 

«> 

;  EW 

M 

(38) 

Batavia 

:  EW 

»» 

(39) 

Shanghai 

:  EW 

If 

(40) 

Uio  .Tnnoiro 

:  EW 

tT 

(41) 

iStnissburg. 

To  the  detailed  accounts  relating  to  the  above  mentioned 
Bcismograms,  (the  thi'ee  last  ones  excepted),  are  added  short  state- 
ments of  ^  elements  of  motion  at  the  following  stations : — 
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Irkutsk  ;  Tasdikent ;  Tiliis  and  ">  other  Caucasian  stations  ;  .lurjow; 
Nikolajcw ;  Belgrade ;  Kmkau ;  Padova ;  Messina ;  Jona ;  Hamburg ; 
Vieques  (Porto  Bico) ;  Apia  (Samoa). 

OBSEBTATIOIIS  IN  TOKTO,  JAPAV. 

13.  Time  of  Eart/Hjnake  Oceurrence  in  Toh  tjit,  Tlic  mo- 
tion was  intense  onough  to  bo  recorded  even  by  an  oiilinary  Gray- 
Milne  seismo^aph  at  the  Central  Meteorological  Obiiei'vator}%  the 
time  of  earthquake  occurrence  there  registered  being  0**  59"  46V 
which  vei  y  nearly  conesponds  to  tlic  commencement  of  the  Ist 
pn  '1  i  1 1  li  iia  ly  t  reniur . 

The  time  of  the  earlhcjuaki'  occurreuce  deduce<l  from  the 
diagrams  furnished  by  the  different  instruments  set  up  in  the 
Sdsmological  Institute  (HongO,  Tokyo),  was  as  follows : — 

(  Ilor.  Pond.  Troinoineter  (§17)    :    (»''  oO""  (Kj" 

EW  coMim'i:^T. .  j  fi()i.  ivadiihua  (.1)*  :  0  r>{)  or> 

(  Hor.  Peudiilum  (t\\)    :    <»  51)  18 

NS  „  . .    Hot.  Peuduluiu  (§15)    ;    0  50  11 

VERTICAL,,   (§16)    :    0  59  07 

The  slight  inequalities  in  the  times  of  occurrence  given  above 
wore  duo  in  a  groat  measure  to  the  existence  of  small  pulsatory 
oscillations,  which  somewhat  obscured  the  bejrinning  of  the  vciy 
first  ]<irliniinai*y  mov(^nients,  except  in  tlie  tromometer  recoid  in 
which  the  commencement  was  sharply  indicated.  ProiK'rJy  takin^^ 
the  mean  of  all  the  above  determinations,  the  time  of  earthquake 
occurrence  in  Tokyo  is  found  to  be 

CfSBTB*  (G.M.T.) 
The  earthquake  wns  :ilso  lecorded  by  a  h(»rizoiiial  jmululum 
at  the  bcismologicai  ISlutiou  of  Hitotsubashi,  and  by  a  horizontal 

*  This  ia  (be  mxao  as  (A)  Aiipiuatuit  tk»wibcd  in  Uie  PtMifatiimii,  Ka  5. 
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iK'ndiiUiTn  tromoiiK'U'r  at  the  Ceuti'al  Mutcoioiogiciil  Observatory, 
so  that  Uie  number  ot  the  toleaeismic  records  in  Tokyo  was  al* 
together  seven.  The  5  lietter  ones  of  these  are  described  in  de- 
tafl  in  the  succeeding  §§.  All  the  instruments  at  Hongd  are  set 
up  in  tho  brick  "  K;ii  tlHiiiaki-piot)!"  House."* 

14.  BW  Component  at  Hotigo,  Tokyo,  (Sec  PI.  1,  the 
PubUcaUom,  No.  23.)  Tho  record  was  furnished  by  a  long-period 
Omori  Horizontal  Pendulum  (0- Apparatus,  described  in  the  PubUcor 
tiofuif  No.  5),  whose  constants  were  as  follows : — 

Vciiical  (listauco  iK^tween  tho  poiut  of  suapeuttiou  ami  tho  point  of 

supixjrt  =  2.(55  meti-os. 
Length  of  tho  Htriit,  oi    tlic  Ikh izouUil  flistjiutH-   iM;l\v('i>ii  the  conti-o 

ol  tho  heavy  lK)h  and  tho  pniit  of  support  =^1  luotio. 
Weight  of  tlic  hciivy  bob  =  17.4  kg. 
Miiltiphcaliou  of  tJio  i^oiuloi  — 15, 
Oscillation  period  of  the  koriaoutal  pemiiulnm^61.5  aeo. 
This  seismograph  and  all  the  other  teleseismic  instruments 
in  use  in  Japan  have  no  dampinji  arrangeinent.   The  ground  at 
Ilongo  is  10  m  ubove  tlic  sea  level  and  consists  of  haid  loam. 

hi  Preliminary  Tremor  lasted  7""  17%  and  began  witli  a  maxi- 
mum vibration,  whose,  two  displacements  were  as  follows : — 


Another  maximum  2fl=0.57mm.  r=24.7  sec.,   occurred  2*"  48" 

afU'r  the  connneneenient.  Duriiig  tlie  tu\st  4"',  tht'  prevail iiig 
period  was  4.11  sec.  (max.  2a— 11.20  mm) ;  while,  during  the  remainder 
of  this  section*  it  was  8.0  sec.  (max.  2a=:0.30  mm).  There  were 
also  some  traces  of  slow  vibrations. 

2i/id  PreUmm€try  Tremor  lasted  7"*  41%  and  began  witii  a 

*  A  (iMcxiplioa  of  tim  Ohfsenatorj  haa  beeo  giv«u  in  the  Jour.  So.  ColL,  Imp.  Uoiv. 
'  Tokyo,  Vol  XL 


a =0.37  mm,  towavdct  W; 
2a =0.57  mm,    „       £  ; 
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well  (kfuiod  vibration  of  2  =  30.4  sue,  whoso  two  displaccmeuts 
weix)  as  follows 


The  iwxi  vibration,  which  was  tho  maximum  in  this  section,  was 
as  follows : — 


Then  thvrv  uMuwv.d  2  largo  decreasing  vibrations  uf  T—'ti  sec. 
The  noxt  vibmtiou  (2a=2.27  mm)  was  very  slow,  2=86  sea; 
there  being  also  some  traces  of  sma]l<^  movements.  For  the  next 
54  see.,  there  were  3  displacemimts  as  follows: — 


the  first  2  displacements  constituting  a  vibration  of  7*=  37.7  sec. 
For  tlic  next  47.8  sec,  the  Tnotion  was  inuch  smaller  and  nearly 
uniform: — 2a =0.97  mm,  2'=  20.5  sec. ;  tltere  being  also  some  small 
vibrations  of  7=9.0  sec. 

Ptincipal  Portion*  The  conmienccmcnt  of  the  pricipal  ix}rtion 
was  not  well  market!,  and  indicated  only  by  the  presence  of  one 
and  half  vibrations  of  7  =  59  sec,,  which  t<igether  lasted  1"' 38' ; 
the  Ist  displacement  (max.)  being  2a=1.3  mm.  These  were  mixed 
with  small  well  defined  vibrations  of  8a=0.33  mm,  7=11.3  sec. 

For  the  next  4*"  50',  there  appeared  proper  osdUaUom  of  tho 
pendulum  of  T=  53  sec. ;  the  range  of  motion  of  the  first  nine 
displacements,  which  weic  si>ecially  large,  being  as  follows: 
mm  (towards  E)  ;  4.4;  0.47;  0.88;  8.08;  U,8 ;  10.8;  10.7;  0.74 
.  mm.   The  last  displacement  of  this  epoch  was  L94  mm,  towards  W. 


Isfc  motion 
and  „ 


a=0.83intn,  tcnnuds  W; 


r=49.7  «oc. 


.tbis=4.8  mm,  towards  W. 
2a=5*8  „  ,  £. 


Ist  motioii          '2a  =  4.1  mw,  towards  W; 

2ud    „   '2a  =  4.5  „  ,      „  B; 

i3rd         ..... .2<t=2.7  „  ,     „      IV^ ; 
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Then  the  period  became  ahorter,  and  for  the  next  1"  50*,4» 
there  were  4  weU  defined  vibrations  of  2*=  27.6  sec. ;  the  very 
first  motion  being  4.07  ram,  towards  E.    The  1st  displaoement 

of  the  3i"d  vibmtion,  which  liad  a  maximum  2a  of  G.24  mm, 
occuiTod  1"  0  at'tor  tlie  commcnccmoiit  of  tliis  section. 

Thereafter  the  period  again  qaickeued,  and  for  the  next  1*" 
7\  the  motion  consisted  of  4  regular  vibrations  of  7'=  16,8  sec., 
2a=:2.4  mm. 

For  the  next  1"  22*,  these  were  8  well  defined  ^'i!)^ations  of 
7"=  10.3  sec,  (more  or  less  distinetly  grouped  ititt)  4  slower  move- 
ments of  r=20.5  sec.) ;  the  2a' a  of  1st  and  8th  xibrations,  which 
were  the  greatest,  being  respectively  S.67  and  3.57  mm. 

For  the  next  8"*  30",  the  motion  became  much  smaller,  but 
remained  very  nearly  constant ;  and  the  two  gratest  vibrations  of 
2rt  =  l.r)4  mm  and  2rt  — 1.4  mm  occiuTed  respt'ctively  at  the  com- 
mencement and  end  of  tliis  phase;  7=11.3  sec. 

For  the  next  8"*  15*.  the  motion  became  again  smaller : — 
max.  2a =0.8  mm ;  7*=:11.Bh6c. 

For  the  next  7'"  42%  tlie  motion  was  as  foUows : — 
max.  2as0.72mm;  3^=:  12.8  fee. 

End  Portion  and  W,  and  Wi,  Vibratum,   The  average  periods 

deduced  from  7  snccessivo  iiiroujis,  each  of  r>0  vibmtions,  during 
the  first  80""  67\  were  as  follows  : — 

(1)  Dniing  Iflt  10<»00*,    7=12.0  aec. 

(2)  next  11  12  ,    „  13.4 

(3)  „  „  10  62  .  13.0 

(4)  „  „  11  36  ,  „  13.9 

(5)  „  „  11  58  ,  „  14.3 
(«)  M  „  12  00  ,  „  14.4 
(7j  „  „  13  20  ,  „  ICO 


Digitized  by  Google 


♦ 


a2  I'-  Onari: 

For  tlio  next  4"  42',  the  motion  cousisttxl  i»f  sl(iw  vibrations. 

The  subsequent  portion  may  bo  regarded  as  belonging  to 
the  earthquake  motion  propagated  along  the  major  arc  of  the 
earth  between  India  and  Japan,  and  eonsisted  at  first  of  vibrations 

of  7'  =  3()soc.,  (1.0(17  mm ;  there  beinj^  also  some  nhnvcr  as 
well  as  quicker  movements.  After  0"'  23',  the  motion  bccamo  re- 
gular and  very  distinct  (marked  in  the  diagram.  Pi.  I,  the 
PuJtUcailom,  Ko.  23),  and  consisted,  during  the  next  6"  28",  of 
vibrations  of  7=24.3  sec.,  whose  max.  2a  was  0.13mm;  the 
movemciits  bciiii  liir*j:er  durinjj;  the  first  3'  ol) . 

During  tlie  next  2'"  38",  the  motion  was  smaUer  ;  2' =  22.1  see. 

During  the  next  7*"  5%  the  motion  became  again  quite  dis- 
tinct : — 

T=  19.4  see.,  2a=Q.  19  mm. 

Thdcnlter  the  motion  became  smaller,  the  avera<re  periods 
deduced  fiom  3  successive  series,  each  of  50  vibrations,  beiug  as 
follows : — 

(1)  During  1st  15"*14-,    if  =  18.2  sec. 

(2)  „  xwzi  13  55  ,  „  16.7  „ 
(S)      „      „    14  00  ,         16.8  „ 

These  vilnations  were  divided  more  ni'  less  distinctly  into  a  nimibcr 
of  successive  maxima,  wliieh  occurred  at  un  avemge  interval  of 
7"*  30\ 

Then  there  followed  3  slight  slow  vibrations  of  7*  ==44  sec., 
wliich  may  correspond  to  the  Wj  motion,  or  the  repetition  of  the 

earthquaki"  lirst  propaitated  alon^  the  minor  arc  of  tin-  earth 
!  K'lwiM  u  India  and  Japan.  The  succeeding  vibrations  had  an  average 
T  of  about  20.5  sec. 

15.  Jf8  Component  ai  HongS,  Tokyo.  (See  PI.  II,  the  Pub- 
UcaUmi,  No,  23.)    The  record  vras  lurnished  by  a  loug-perio4 
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Omori  Horizontal  Pendulum,  whose  constraciion  was  similar  to 
that  of  the  £W  Component  apparatus  (§14),  and  whose  instru- 
mental constants  were  as  follows : — 

Vertical  diHtauce  Ijetween  tlio  p)iut  of  HUHpousion  and  tlie 

point  of  snpp  »rt  =  2.f).5  luetrea. 
Ji(*n0h  of  the  strut  ~1  mpfiT. 
W<;iglit  of  the  heavy  l)ob--  kg. 
Mnlti plication  of  the  pjiuter=20, 
OscillAtion  period  of  the  peiMlalam=48.5 
lat  PfeUmimry  TVemor  lasted  7"  6'.  and  began  sharply  with 
a  slow  vibration,  whose  two  displacements  were  as  follows : — 

let  motbn. . . .  a=0.17  nun,  towaids  N ; 
2ud    „      ...  .2«  =  ().28    „  ,      „  S; 
the  vibration  boinji;  mixed  with  small  movements,  whose  very  Ist 
displacement  was  a=0.07  mm,  towards  N. 

The  motion  was  larger  (max.  2a= 0.43  mm)  and  nearly  con- 
stant during  the  first  4**  28*  of  this  phase,  consisting  of  vibrations 
as  follows 

For  the  Ist  2"  29"  :  T'=r29.8aec 

„     „  next  V^W  :    ,,=20.0  „ 
Dui-ing  the  remaining  2"' 38',  tho  motion  was  sniuil  :  — 

r=:lu.«^^,  2a=0.22""". 
Throughout  tliis  phase,  there  were  superpositions  of  small 
well  defined  vibrations  of  7==:  5.2  sec.,  20=0.14  mm. 

2nd  Preliminary  Tremor  lasted  about  8"  20'.  During  tlie  first 
2"  0',  the  motion  wns  large  and  consisted  of  3  vibrations  made 
up  of  the  following  si:^  displacements : — 

nun,  toiiraids  N, 
(2)    a=r2.33     ,     „      S,  ixr=U.68©o. 


(3)  2a=3.95  , 

(4)  2fl=3.8 
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(5)    2a  =  3.45  lum,  towards  N,  , 

T=46.2  sec. 


vaids  ] 


(6)   2o=2J3  , 

For  fhc  next  2"  3*,  the  motion  was  small  and  consisted  of 

3  vibrations,  of  %vliicli  the  first  had  a  2'^  "if). 2  spc.,  and  tlio  last 
two  an  avcmi^c  2'-=  33.5  8cc. ;  the  2nd  vibration  having  tiie  max. 
2a  of  1.63  mm. 

For  the  next  4"  22%  the  motion  was  larger  and  nearly  con- 
stant, and  consisted  of  G  vibrations  of  7=4317  sec. ;  the  initial 

motion  iH'iii;^' a=1.75  mm,  towai'LLs  N-  The  2nd  ujkI  l^»rd  disjtliiec- 
meuts  formed  a  vihratioii  of  7"=  40.4  sec. ;  the  3rd  vibmtiou  having 
tlte  max.  2a  of  3.53  mm. 

Principal  Portion*  The  first  1"*  25*  was  made  up  of  2  slow 
vibrations  of  7'=42.d  sec.  The  next  vibrations  was  still  greater 
and  the  recording  pointer  uf  the  insti'unicut  went  out  of  the 
smoked  piper. 

3"  28"  later,  at  1'  20*°  19%  the  pointer  again  entered  on  the 
smoked  paper ;  the  motion  being,  for  the  next  55  sec.,  gi'eater 
than  8.3  mm.   For  the  next  4"  2S%  the  diagram  showed  still  large 

penduhmi  oscillations,  which  were  nearly  consUmt : — max.  2a  — 
().()5  mm,  7'-^47.8  see.  For  the  next  1'"  25"  there  wei-e  2  smaller 
vibrations: — max.  2a=2,7mm,  r=  42.5  sec. 

For  the  dext  4"*  27%  the  motion  was  nearly  uniform  and  con- 
sisted essentially  of  vibrations  of  7*=  10.3  sec.,  max.  2a =1.7  mm ; 
there  being  also  some  traces  of  alower  movements  of  7*=  about 
23  sec.  For  the  next  3"'  58%  tlie  motion  consistcnl  of  21  well 
deiiued  vibrations  of  7"=  11. 2  sec.,  max.  2rt=1.4mm.  For  the 
next  4*"  57%  the  motion  consisted  chiefly  of  the  vibrations  of  T— 
19.5  sec.,  max.  2a=1.3  mm  ;  there  being,  towards  the  end  of  tliis 
epocli,  movements  of  7*=10.4  sec.,  max.  2a=1.2  mm.  For  the 
ftoxt  7"*  35%  tho  motioi}  was  much  smaller,  but  nearly  coi^staut 
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r=10.9  sec.,  2a=0.68  mm.  For  the  next  10"*  0%  the  motion  was 
slij^hfly  smaller : — T=22S  sec.,  max.  2a=0.58  mm. 

End  Portion  and  Vihraiions.  For  the  first  11"  14%  the 
motion  was  noaiiy  constant  : — .7'=:12.5  so4^\,  mux.  2rt  =  0.3  mm. 
For  the  next  33"'  32%  tho  motion  was  again  slightly  smaller,  but 
nearly  constant,  (max.  2a:=0.2  mm),  the  avei-age  period  deduced 
from  three  successive  series  of  50  vibrations  bdng  as  follows : — 

r=12.9  sec. 


Mean,  13.0  aeo. 


12.7 
13.5 

In  some  places  these  vibrations  were  mixed  with  slower  ones  of 

T=2i\.'l  sec. 

TIk'U,  at  2''  43"'  37'  thoio  apjx>ared  three  slow  vibrations 
of  r=45  sec.,  which  lasted  together  2*"  15%  (max.  2a=0.1  mm) ; 
there  being  also  a  superposition  of  smaller  movements  of  7*= 
11.9  sec.   These  vibrations  may  belong  to  the  earthquake  motion 

j)ropapit<'(l  alon^  tho  imtjor  nrc  of  tho  earth.  Tlic  subswiuenfc 
vibnitions  giadiially  diminished,  the  period  being  as  follows : — 

f  for  the  Ifit  8"*  51*  :  7=21.0  see. : 

„  uext  4  48  :  „  =17.0  „  ; 
„      „  7    25  :  „  =19.4   „  . 

There  were  also  small  vibrations  of  T=12.6  sec. 

The  distinct  commencement  of  the  W.  motion  occurred  at 
3"  21'"  17."  4""  0*  later  on,  the  motin  became  larger  and  well 
defined,  as  follows  : — 

For  the  1st  2*"  45*  :~7*=::25.4  sec.,  max.  2a=0.1  mm. 

For  tho  next  -12"  46%  the  motion  became  quicker,  the  T 
during  the  earlier  8"  28"  Ixung  20.7  sec.  During  the  remaining 
4"*  14*  of  this  epoch,  which  formCKl  the  must  active  part  of  tho 
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f.  Omoh: 


W2  mofcioii,  tho  T  was=:19.5  ace  ;  max.  2a  of  0.12  imn  occuiriug 
at  the  commencement. 

For  the  next  5"*  IZ\  the  motton  was  small  :'<-r=:aboQt  19.0 
sec.  For  the  next  8" 42%  the  motion  became  again  larger: — r= 
17.4  sue.,  0.00  mill.  For  tlio  next  1"' 58%  the  motion  was 
smjtll,  T  bein<^  lO.i)  see.  For  the  next  2'"  57",  tlie  motion  was  also 
small,  but  slower :— r=29.5  sec.  (?)  For  the  next  6*"  5G\  the  mo- 
tion becftme  again  active: — r:=20.8  sec.,  2a:=0.05mm. 

Tho  period  of  tho  snbsetiuont  vibrations  was  as  follows : — 

Ihuiug  the  1st  k"' HV:  r  =  2U.lsec.; 

„         next  '2  32  :  „  =  1(5.0  „  '  ; 

„  22  42:  ,,=17.7  „  ; 

,  \      n  n  14  22:  „  =19.6  „  . 

16.  Vertical  Comjfonent  at  Jlongo,  Tokyo.  (.Si  <  11.  ill.  tho 
Publications,  No.  23.)  The  diuj^ram  was  furnished  In'  n  (■(•nlimious 
vertical  motion  recorder,  which  is  essentially  a  (xmy-Ewiiig  typo 
seismograph,  with  some  modifications  for  reducing  the  friction 
between  its  diflbront  parts.  The  instmmcntal  constants  were  as 
follows : —  ' 

I«<  n^th  of  the  vortical  spirul  siuings~1.2  }iii  tivs. 

Ilorizonlal  distaiuf  K  lweeii  Uui  ooiitro  of  tUu  steady  imujii 
and  tho  juvot  — 1."2  inetrcs. 

Weight  of  the  lu'uvv  l>ob  =  9kg. 

MnltipUcataoii  ol  the  pai2iter=:12. 

Oacillaficii  Period  of  the  peiidiiliuu=48ec. 

rrclinunary  Tremors.  For  1:1  ic  lirsfc  12"'  10\  tlic  motion  eon- 
sistcd  mostly  of  pendukim  vibrations  of  r=4.2  sw. ;  tiie  two 
greatest  movements  of  0.71  and  0.33  mm  occurring  12"  and  9'"  2* 
respectively  after  the  commencement.  The  diagram  showed  al- 
teinations  of  maximum  and  minimum  groups.   At  7~  45*  from  tho 
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commencement  there  weie  3  slower  vibmtious  of  tlie  following 
dements : — ^jf*=7.3  sec.,  2<i=0.31  mm. 

Thereafter  the  pendulum  osdllatioiis  almost  disappeai-ed,  and 
for  the  next  5"  22'  the  motion  vras  very  small  and  slow. 

Principal  Portion.    Diirin*::  the  first  3"'  40*  the  motion  was  re- 
gular, having  the  ftillowin*;  elements  : — 7^—45.2  sec,  2fl=:().(l7  mm. 
For  the  next  lO'^SO*,  the  motion  was  most  active,  as  follows : — 

( t  )  Dantig  the  Ist  l*"  29*;  7=29.7  see. ,  2a  =0.28  mm. 
(tt)       „        next  1  07;     =22.8  „  ,  „  =0.13 
m       „  „    2:56;  ,,=14.7  „  ,  ,,=0.29 

(/«)       „  „    5  09;  „:=13.4  „  ,  ,,=0.092. 

The  maximum  movements  of  (u)  and  {Hi)  occurred  at  1''22"' 
00"  and  1"  23"  07%  respectively. 

End  Portion.   The  motion  was  small  and  as  follows : — 

Duiijjg  Uie  l8t    (;"'12^  7'rr  ll.Gaec. 

next   2  42  ;  „  ==18.0  „ 

ft  t,  ->  ,     1,   —  AO.-  „ 

»»  M      11    1'  t  n  =14,4  M 

Thereafter  the  motion  gradually  decreasedt  being  reduced  almost 
to  mil  in  the  course  of  the  next  30  minutes.  Towards  the  end : — 
r=  15.4  sec. 

Wt  MoUm.  At  3"  33"'  22  ,  there  appeared  some  slight  move- 
ments. After  4"  9%  the  motion  became  distinct,  the  average  T 
durmg  the  next  3*"  15'  being  19.5  sec.  This  probably  indicates 
the  3rd  phase  of  the  principal  portion  of  the  motion. 

17.   Summary  of  the  Hongo  {Tokyo)  Observation 8. 

For  the  Bake  of  convenience  I  <ji:ive  below  tubular  statements  of 
the  results  of  analysis  contained  in  the  preceding  §§ ;  the  numerals 
enclosed  within  brackets  show  the  order  of  occurrence  of  dififozent 
subdivisions  in  each  phase  of  motion. 
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F.  Omati: 


Dnratkm. 


TABLE  IV.    EW  Component  at  Hongd. 
I 


Max.  2a. 


[Ist  PleUminarj  Ttemor.   Dnntioiis?'"  17'.] 


(1)  4"' 

(2)  3 


[2iid  FnlimiDftry  Trenior.  Diimttons7'*41*.] 


(1) 

(2) 

(3) 
(4) 
(5) 


(T  3tf.4" 

0  49.7 

1  48.0 
1  2({ 
0  54 


((!)  0  47.8 


36.4  f«c  

....  2.5  mm 

49.7 

6.8 

54.0 

8(5.0 

2.27 

H7.7 

4..50 

2t!.5 

0.97 

9.0 

....  BmaU. 

[Principal  Toi-tiou.    J^iiratiou^aS"  23*.] 


j  59.0  see  

•  ■  ■  « 

(1)  1- 

1  11.3  ... 

(2)  4 

50 

53.0 

(3)  1 

50 

27.6 

(4)  1 

7 

ia8 

22 

1  10.3 

(5)  1 

1  20.6   

(6)  8 

39 

11.3 

(7)  8 

15 

11.3 

(8)  7 

42 

12.8 

[End  Fbrtion.] 

(1)  80"' 

57* 

13.G  HOC, 

(2)  4 

42 

1 

J    4.6  80C..  . 

. ,  . ,  0.20  mm 

00* 

1  24.7  ... 

, ...  0.67 

17 

8.0 

  0.30 

1.30  mm 
0.33 

10.8  (pendalmn  oaeflktioos) 
6.24 
2.4 
3.67 


1.54 
0.80 
0.72 


SmftU. 
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Dnraiiou. 


I  Period. 


(1)  9"  23« 

(2)  fi  28 
m  2  H8 
(4j  7  o 
(6)  43  9 


(1)  2-ia* 

(2)  


[Wt  Motion.] 

30.0 

24.3 
22.1 
19.4 
17.2 


[fF,  Motiou.] 

44.0 
30.5 


0.067  mm 

0.13 
Small. 
0.19 
SuaU. 


Small 


n 


TABLE  \ .    jW3  Component  ai  Ilougd. 


[Ist  Freliminaiy  ^ramor.  Diiiation=7»6*.] 


(1)  2"  29*  f  29.8  aec. 

(2)  1    59  !  20.0 

(3)  2   38  I  15.8 

Mixed  tlnougbout  6.2 


,0.43  mm 

0.22 
0.14 


[2iid  FrelimiQary  Tremor.  Diiiatioii=8"*20'.] 
(1)  2»  0" 


23.1  HOC  2.33  mm 

4fi.2   3.95 


(2)  2  3 

(3)  4  22 


(  55.2 

]  33.5 

(  40.4 

{  44.4 


,1.63 
,3.53 
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Dumtion. 

IPcriorl. 

Max.  2a. 

[Priacipal  Portion.    Dumtiou=42'»  38'.] 

(1)   l"  26- 

42.6  aeo. 

(2)  4  23 

(Motian  loa^,  pointer  veuli  out.) 

(8)  4  23 

47.8  (pend.  oaeil.) 

6.66 

(4)   1  26 

42.6 

2.7 

(5)  4  27 

{  23. 

.  1.7 

((i)   3  oH 

11,2 

1.4 

(7)   4  67 

j   

(  10.4   

1.2 

(8)    7  35 

10.9 

0.68 

(9)    10  00 

22.6 

0.58 

• 

— .  

[End  I'ortiou.] 



(1)  ll-U" 

12,5  sec 

0.3  mm 

(2)    33  32 

1 

1  13.0   

I  26.2 

0.2 

[IF,  MoUon,] 

( 1 )     2"'  16« 

1  11  4 

.  .0.1  mm 

»  * 

(  2 )    10  4 

1  19.1 
1  12.6 

,  (t5maiU.j 

(3)   19  21 

(SmaU.) 

(4)     4  0 

»» 

(  5  )  -45 

25.4 

0.1 

(  n )     8  28 

20.7 

(7)     4  14 

19.5 

0.12 

(  8  )     5  IH 

19.0 

(Small.) 

(»)    »  42 

17.4 

0,09 
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Diiration. 

fAwwge 

IPeiioa. 

Max.  2a. 

[IT,  Motkm.] 

(10) 

1  r>8  1 

(11) 

2  57 

'29.  r, 

»» 

(1'2) 

(>  5r> 

20.8 

0.05 

(13) 

4  40 

26.1 

(Small.) 

(14) 

39  80 

18.1 

»* 

TABLE  VI. 

Vertical  Compoiicu 

/  di  Hoiigd. 

p'lelimiiifiiy  Tremors.] 

12"  16» 

4.2  Hec.  (pcud.  ascil.)  ....  0.71  miu 

(2) 

5  22 

(SumU.) 

jPrincipiil  Parfeiou.] 

(1) 

3"-  4G* 

45.2  see. 

0.07  mm 

(2) 

1  -li) 

29.7 

0.28 

(:^) 

1  (17 

22.H 

0.13 

(•4) 

'2  :>(; 

15.7 

0.29 

(6) 

5  09 

ia.4 

0.092 

[Bud  Povtion.j 

(1) 

11.6  SM. 

(Small.; 

(2) 

n;  31 

15.9 

t» 

(3) 

30 

15.4 

n 

[ir.  Motion] 

GommeDoement  at  3"  33"* 

22* 

(I) 

4"'  09* 

(Small.) 

(2) 

3  15 

19.5  sec 
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F.  Omoii : 


18.  ^H'  Component  at  llitotstibnski^  Xokyo,  Tlie  diugmm 
was  famished  by  Omoii  Horizontal  Pendulum  o£  portable  form, 
whose  instramental  constants  were  as  follows : — 

Vertical  diatonoe  betirean  the  point  of  mupen^on 

and  the  point  of  support =0.76  metre. 
Length  (rf  stmt  =0.75  metre. 
Weight  of  the  henv}-  lx)b=6.4  kg. 
Multiplication  of  tho  jwiutor  H. 
OHcilliitioii  pr'iioil  of  the  i>emluluiu  =  vll.l  stn*. 
At  Hiti)tsubiishi,  tlic  gvouud  is  low  and  very  soft. 

IsL  Prdimmary  Tremor,  Duration=7"' 32*.  The  motion  was 
very  nearly  constant  in  amplitude : — r=^4.6  sec.,  2a=0.44  mm. ; 
there  bdng  also  ill-defined  traces  of  two  sets  of  slower  movements 
of  jr=:about  1:1  ami  15.7  sec.,  respi'ctiYely. 

During  the  earlier  one-third  of  this  phase,  the  motion  was 
mixed  up  with  very  small  movements  of  the  macra-wismio  character^ 
of  r=0.71  sec. 

19.  Tromometer  (Records.  The  earthquake  was  also  recorded 
by  two  Omori  Horizontal  Pendulum  Ti'omonieters*  set  up  at  the 
►Seismo logical  InstitiiU'  (llongO)  and  at  the  Centnd  Meteorological 
Observatory ;  the  two  instruments,  whose  magnifications  were  120 
and  87  times  respectively,  being  in  other  respects  exactly  similar 
to  one  another,  as  follows : — 

Weight  of  the  heavy  boh^^SO  kg. 

Vertical  distance  between  the  point  of  Huppoii  and 

the  point  of  susppiisioij    I  metix*. 
Leugth  of  the  stmt    '20  ciii. 

Total  lentil   Ik'Iav) cii  the  puiut  of  suppoii,  and  the 
writing  iudesi=12(>  cm. 
The  natuml  oscillation  period  of  the  pendulums  at  the  Scismological 


Uiyiiized  by  Google 


Indkn  EmlbiiMke  oC  10U&.  II. 


43 


Institute  and  thv  Ccntml  MottJorological  Obsenatory  wore  respec- 
tively 21  and  10  sec. 

90.         Ckmtpanem  at  Mon(f&,  SMevOf  registered  by  Tro» 

m 

motnsterm 

Id  PreUmmarij  Tremor^    DoratHWi=7"27\   The  commence- 

HK'nt  WHS  well  defined,  the  vt^rv  lir.st  vilnution  being  as  follows  : — 

Ilnt  displaoemeni :  a —  0.017  mm,  tovaidH  W; 
and       „         :  2a=0.038      ,      „  E. 

For  the  first  10.6  sec.,  during  which  there  were  2^  vibrations,  the 

motion  was  small.  Then  took  place  a  distinctly  larger  movement 
towards  E. 

The  subsequent  moticm  remained  on  the  whole  nearly  con- 
stant, and  consisted  of  the  foUowing  two  sets  of  fundam^tal 
vibiations,  (i)  and  (u)*  one  mixed  between  the  other : — 

J  (t)  rr^S.bHcc.,  2o =0.33 mm; 
\  (it)   „  =4.4  „  ,  „  =0.35  „  . 

The  periods  of  vibrations  belonging  to  these  two  groups, 
deduced  from  diflbrent  portkms  of  this  section  were  as  follows : — 

2o=0.28mm 


I  T=8.6  see.  (deduced  isoin  0  vihr.) 
„^Kry  „    (        „       1()  ) 
,,=8.6  „   (        „       11  ) 
I  ,,=8.8  „   (        „        4  ) 
,  r=4.3      (dednoed  from  10  vtbr.) 
^  ..^     ,,=4.3  .,  (        „        8  ) 


,,=4.5  „  ( 

,,=4.6  „  ( 


n 


10 
15 


) 

); 


„  ~0.33  „ 
„  =0.30  „ 


2a  =  —  mm 
,.=0.18  „ 
,,=0.95  „ 

,,=0.14  „ 


Throughout  this  pliase,  there  were  also  smaller  movements 
of  7'=:2.2  sec. 

2nd  Prdimitwrp  Tremor,  Duratlon=7"  21*.  The  motion  be- 
gan with  the  following  2  vibrations : — 
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(iJ^t  motion,    a  — 0.38wun,  towaitls  E; 

(2Dd     „      2/1  =  0.83  „        „  W. 

^  ,  „  ^  ^  motion,  "in-  1.05 mm,  towards  E; 

Sua  vitnr. 


(I 

ribr. :— r=10.S  „   ] 


[2iid     „     2a^0.G<>  „        „  W. 

Fop  the  next  2"  23%  the  motion  gradually  decreased  and  con- 
sisted of  vibmtioiis  (•{  ^'=9.4  sec,  mixod  up  with  others  of  T= 
4.7  sec.,  2a-=0.21  mm. 

Then  took  place  suddenly  the  2nd  large  vibration: — 

fist  motion,  3a =0.88  mm,  towards  W; 

r^ia-Saec  

(2ud     „    ,  2«^1.03      ,     „  E. 

For  the  next  1"*  20%  the  motion  was  again  small  and  con- 
sisted of  2  sots  of  vibrations  of  T— 12.1  and  4.0  sec,  rospoctivoly. 
Then  took  place  suddently  the  3rd  largo  vibration : — 

ilst  inotioii,  2a  =0.90  mm,  towaidu  W  ; 
2]]d     „   ,  2a=0.70     ,     „  E. 

Darin*,'  the  remaining  2"'r>r,  the  motion  was  small  and  con- 
sisted of  the  ioilo\vini5  2  sets  of  vibrations : — 

( i )    7=8.2  Mc. ;  2o=0,6l  mm ; 
,,-4.7     ;  „  sSmaU. 

Ut  and  2nd  Phases,  Friw^l  Portion,  Durations?"  21%  The 
commencement  was  not  well  marked,  except  for  the  appearance 

oi  some  slow  movements.  During  the  first  3*"  3%  the  motion  con- 
sisted of  3  sets,  us  follows : — 

( t )    T-  9.4  sec.,     2a  :^  0.40  mm ; 
(n)    ,,=16.8  „  ,       ,,=0.53  „  ;  (iicud,  oeciL  ?) 
,  (iii)     ,,  =  53.0  „  ,       „  ^0.3G  „  . 

The  remaining  4"*  18'  was  made  ap  of  the  following  largo 
vibrations ; — 
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(i)   Daring  the  let  l^Sti':  4  vibmtions  ..f  2=29.0  sec. ; 

2a  -  tt.*>(i  mm  (List  but  two  ^ilM:.). 
(it)   During  tbe  next  2"* 27*:  4  vibmUoos  of  r=: 38.5 sec.; 

3a=0.58]nnL 

In  the  last  3"' 17*  of  this  phase,  ihv  motion  remained  very 
nearly  constant  in  amplitude ;  there  being  also  vibmtions  of  T— 
0.1  soc.,  2a=:0*25  mm, 

3rd  Phtwe,  PHndpal  PitrUon,  Dnration,  about  9*"  40*.  The 
motion  began  with  a  sudden  large  displacement  of  a=0.97  mm, 
towards^  W.  The  counter  motion,  towards  E,  was  still  lnrjjr<'r,  and 
the  recordin^.^  pointer  .stiat  k  a^^ainst  the  side  supports,  the  vilnatiuns 
remaining  active  throughout  this  phase. 

The  principal  vibrations  had  an  average  T  of  34.8  sec.,  the 
amplitude  being  very  large.  There  were  also  large  movements 
of  T=  21  ^ec.,  which  were  probably  due  to  pendulum  oscilla- 
tions. 

4ih,  etc.  Phases,  Principal  Portion.  The  nKjtion  beearac  quicker 
in  period,  the  amplitude  remaining  on  the  whole  nearly  constant 
for  the  next  11"  36":— 

j  f  i )    .\t  tlie  commencement ; —  7'— 12.0  .sec,  2a—  I.<>7  nun. 
I  (ii)   TowardH  the  end: — 2'=  12.0  tiec.,  2a =1.25  mm. 

The  motion  consisted  of  a  series  of  alternations  of  maximum 

and  mininnini  "groups  of  vibrations :  each  maximum  group  begin- 
ning with  a  sudden  displaui  laeiit  kjward.s  E,  followed  by  a  much 
larger  counter  motion  towards  W,  as  shown  below: — 

XoUon  tomrda  K  Motitm  towarda  W. 

lat  displaoement, . .  0.17  mm ;   2nd  dtsplaoement, . .  0.21  mm ; 

Sid        „  0.61      ;  4th  „  1.18  ; 

6th        „  1.41      ;  <ith          „  1.09  ; 

.7th        „  0.72 
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F.  Oman: 


2nd  Group. 


Ist  diAplacomont, .         una  ;  2ud  tli.Hpl»u«ineut,  .  0.40  mm  ; 

Hnl         „  O.o7       ;  4tli  „  1.05  ; 

5th         „  1.28      ;  (itJi  „  1.08  ; 

7th         „  1.03 

( iHt  (liBplaoemenik  • .  0.7(;  mm  ;  2m1  dispiaoemeiit^ . .  L53  mm ; 

'  (aid        „  l.ti7      i  (Poiutor  mn  unt) 

Ist  displaoemeni, . .  0 J.4  mm ;  2nd  displacement^ . .  0.32  mm ; 

4tk  Group,  9xd        „  0.68      ;  4th  „  0.97  ; 

Gth        „  0.92      ;  m  „  0.77 

In  the  ininiinuiu  groupsj,  there  were  also  quicker  vibrations : — T 
=:8.2  sec.,  2a^0.24  mm. 

For  the  next  6*"  54',  the  motion  became  much  smaller : — 
T=  1 1 .8  sec.,  2a—  0.58  ram. 

Th(  rcafti^r  tin*  motion  hecame  a«;ain  abrnptly  much  smaller. 

Pulmlory  Oscillatiotis.  On  April  4th»  tlicit;  existed  sli«^ht  but 
distinct  pulsatoiy  oscillations,  whose  elements  of  motion,  boforo 
and  after  the  earthquake^  were  as  follows : — 

JiefoK!  the  (!(jk». :  7^-4.1  sec.,  2a  =  0.012  inm. 
After    the  cqke:  „  =4.1  „  ,  „  =0.011    „  . 

The  result  of  the  analysis  given  above  arc  summarized  in 
the  following  table: — 


TABLE  VII.    ElV  Tromometer  'Ilccord  at  Honf^d. 


IHiratioa. 


tINwiod. 


Max.  2a. 


[Isfc  Fxeliminaxy  Tremor.  Biuatioiis:?"  27*] 

0.:53  ram 
0.25 
(BmalL) 
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Dnmtiou 


Fariod. 


Max.  2a. 


[and  ¥xti&tt£mrj  Tvemor.  Damtioii=7"*  21*] 


11.8  sec. 
8.8 
4.8 


1.U5  nun 

O.Gl 

0.21 


[1st  »uU  2ud  I'luises,  Principal  Portion.  Durational"'  21'] 
(1)   3«  3'  ! 


(2)  1  66 

(3)  2  27 

In  (2)  and  (3) 


I 


9.4  Hec 

0.40  mm 

16.8 

0.63 

«3,0  (?) 

0.36 

29.0 

0.66 

3a5 

0.58 

9.1 

0.25 

[3id  Fhaae,  Priucipftl  Poition.   I>nzation=9<"  40^. 

.'U.8  .Hec.  (Laiige.) 
21.0      (pt^uU.  oiicil.j  M 


[4tli,  etc.  PLu^.s,  Principal  Portion.] 


(1)  11"  36- 

(2)  6  54 


12.3  soe. 
8.2 
11.8 


1.67  mm 

0.24 

0.58 


81.  Tramomeier  Record  obtained  at  the  Central  Meteo- 
rolagieai  <Hmervatory,  l&kuo*   The  record  is  very  imperfect,  as 

the  natural  oftcillation  pcTltKl  of  the  pendulum  was  too  short. 

hi  Preliminary  Tremor.  Duratioii=7  '  30\  The  motion, 
wlilch  was  much  smaller  duriug  the  last  3™  12*  of  this  phase,  con- 
sisted of  the  foUowing  two  sets  of  vibrations: — (t)  2"=  4.4  sec., 
8a=50,l7  mm ;  ( ii )  r=7.4  wc„  2a==0»28  ram, 
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F.  Omcri: 


2nd  Preliminarij  Tremor.  Duration  —  7'"  23*.  The  motion  was 
much  greater  than  in  the  prccetliug  phase,  and  consisted  of  large 
pendulam  oscillations  of  2*=  9.1  sec.,  wbosc  mazimam  vibration 
(2a:=1.06  mm)  was  the  6th  in  the  maximum  group  oocnrring  at 
the  commencement.  There  were  also  some  doubtftil  traces  of 
slow  vibrations. 

lit  and  2iid  Phases,   Principal   Poriim.     Duration  =  7""  17'. 
Tliere  were  more  or  less  definite  traces  of  slow  vibrations : — 
36.8  sec.,  2(1=:  0.20  mm,  tliese  being  mixed  with  pendulum  oscil- 
lations of  7=8.1  sec.  (max.  2a=0.23  mm). 

'3id  Phiise.  Principal  Portion.  Dui-atioui^S"'  0".  For  the 
first  2"'  IJ',  the  motion  was  eomparatively  small,  and  made  up 
of  two  slow  vibrations  of  2*=:  23.8  sec.,  followed  by  pendulum 
oscillations  of  7":==  9,0  sec.  (max.  2a=1.4mm).  During  the  re- 
maining part  of  this  phase,  the  pendulum  oscillation  attained  its 
tail  activity  (max.  2ci-  2.!t  mny)  :  7' -11.0  see. 

4iJi,  etc.  Phases,  Pri)icipal  Portion.    The  motion  i)ecame  smaller, 
and  consisted  during  tlio  next  4'"  49'  of  the  following  vibrations : — 
10.3  sec.,  2(1=2.2  mm;  the  vibrations  being  divided  into  3 
successive  maximum  groups,  which  occurred  at  an  average  interval 
of  1  Tiiere  were  also  some  slower  movements  of  T^s^about 

15.2  sw.  (max.  2a  =  0.7<S  mm). 

Then  the  motion  became  much  smaller  and  rcmaineil  nearly 
constant  for  the  next  6*°  2* r^ll.O  sec.,  2a=:0.48  mm.  During 
the  next  7"*  30",  the  motion  was  again  smaller: — r=rll.4  sec. 
2fl=r0.12  mm.   Thereafter  the  motion  became  stiD  smallw. 

Pulsatory  Oscillations.  The  avera«ie  ]>oriod  of  tlu'  inilsatory 
oscillations,  measured  after  the  earthquake,  was  4.14  sec* 

SKI.  Osaka,  Japan,    EW  Component,    (See  PL  VI,  the 
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Puhlicaliom,  No.  23.)  The  Meteorological  Observatory  (Director, 
N.  Sliimouo). 

The  rocoixl  was  given  by  an  Omon  Uorizontal  l^eudulum  o£ 
poii».ble  fonn,  of  the  folbwing  constants : — 

Yertioal  distanoe  betweou  tlie  poinfei  of  snspaosioii 

'  and  of  snp]X)i-t=8(]  cm. 
Lt»n{<th  of  tlio  liori//>iitjil  .stint  - 14  cm. 
Woiglit  <»r  t!io  heavy  Ik>1>  — 1(;  kg. 
Mnliipliiutiuii  of  the  jjoiiiter^  20 
C>»ciUatioa  period  of  tlio  paudulutu=2S  i$ec. 

Tlie  Osaka  Observatory  is  situated  on  low  soft  ground,  about 
5.3  m  above  the  sea-level. 

Time  of  o,irtliqnakc  ()ccurronco  =  0"  58"' 51*.  Durat  ioiir-r^.V'.  • 
lU  Prelimiwtnf  Tremor.    Dumtioii  =  7"'  12\    Tlir  motion  btigaii 
with  quick  vibrations  of  giuduaUy  increasing  amplitude,  and  after 
20  sec.  there  appeared  tlie  first  slow  vibration  consisting  of  the 
following  2  displacements : — 

[1st  mutiuu,    «  =  ('.37imu,  towtuxlB  W  (markt'd  h  lu  tho  diiigraiii); 
(2ik1     „    ,  'ia  ^-A\10  „  ,       „  R 

During  the  firat  4"0''  of  this  pliase  the  motion  consisted  of  the 
following  S  sets  of  vibrations ; — 

\yii)    „  -  4.7  „  ,     =0.5a  „  ; 

tliere  being  also  traces  of  still  quicker  movements. 

Daring  the  ramaining  3***  12%  the  motion  was  much  smaller, 
the  vibrations  bt'ing  two-fold,  as  follows : — 

(0    7*=4.5hoc.,  2a  =  ().22  iniu;    (jV)    7'-^  7.8  .sec,  2a  ^  .siiiuU. 

2nd  Preliminary  Trcmov.  011^1(1011  =  0'"  55\  Tho  Int  2  vibm- 
tions  eonsistcd  of  the  following  4  displacements  (marked  Ai,  jiy  jk^ 
hi  in  the  diagram)  : — 


50  F.  OsMii : 


Ist  Tibr. 


Ist  motion,  «:r^(>.-49  mm,  tovvunlH  VV',] 
2ml     „      2«^1.58  „  ,      „      E,  I 


r,  "  :    ^  

Sod     „     2a=2.53  „  ,      „      E,  J 

the  latter  vibmtion  being  the  raaxinmm  motion.  Daring  the  rest 
of  this  phase,  the  greatest  vibration  (marked  was  the  follow- 
ing :— 7'— 25.5  sec.,  2a=l.C9mm.  2  other  vibmtions  marked  j's 
and  st  had  a  mean  period  of  30  sec. ;  the  subsequent  portion  being 
much  confused  by  the  proper  pendulum  oscillations. 

Principal  Borticn,  [1st  and  2iid  pkasesy.  Duration=6'*  54% 
For  the  Ist  S'SB',  the  motion  was  small 7*=  2 1.7  sec..  2a = 
1.58  mm.  For  the  next  3"' 18%  the  diajrmm  consiste^l  of  ilie  pi-o- 
pei*  pendulum  t)HrullationB,  as  follows  : 3  sec.  2a=4.5  mm. 
\3rd  phase] :  Duration=9°'  56%  For  the  Ist  4""  U\  the  pendnlnm 
OBcillations  were  veiy  active : — r=26,8  sec.,  2a  ^11.7  mm.  There- 
after the  motion  became  quieter  and  remained  nearly  constant  for 
the  next  5"  15': — 7*=  24.2  sec,  2«  =  2.25mm;  tliei-e  lx»ing  also 
small  vibrations  of  Z'::^  11.3  sec.  [4th  phase}:  IXn-ation  :=  8"' 0%  T 
=22.2  sec..  2a  being  smaller  than  0.95  mm,  except  one  vibration 
yfhoao  2a  was  1.73  ram.  There  were  some  superposed  vibrations 
of  Trsabout  10.6 sec  [$th  phase]:  Duration=l0"*29'.  The  motion 
consisted  of  the  foUowinj?  3  sets  of  vibrations : — 

( t )  T= 14.4  see.,  2a = O.fiH  mm  j 
(n)  ,,.-18.5  „  ,  „  ^(MJH  „  J 
(tn)    ,,=10.2  „  ,  (amaU). 

End  Portion.  Thninir  the  lat  7'"42",  the  motion  was  on  the 
whole  constiiiit,  and  consisted  of  well  defincnl  vibrations  of  T= 
14.3  sec.,  2a=0.22mm.  For  the  next  13*"  2%  tlie  motion  consisted 
of  the  following  two  sets  of  vibrations: — («)  7^=10.8 sec,  2a~ 
0.14 mm;   («*)   T=21j8ec.,  (small). 
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Thercaftor  the  motion  docrcasod  gradually  and  was  brought 
almost  to  nil  in  the  couiso  of  tho  next  30  min. ;  tho  period 
deduced  firom  3  sacGossive  series,  each  of  50  vibrations,  being 
as  foHows: — 


Motion,  At  8''22"*30\  there  appeared  some  slow  move* 
mcnts  which  for  the  Ist  1"S0'  remained  indistinct   During  the 

next  .")"  2i)\  the  motion  was  still  snuiU,  Init  consisted  of  regular 
vibrations  of  T=:2r>.l  see.  Fur  the  next  5'"  53",  the  motion,  which 
was  slightly  lai^ger,  became  decidedly  quicker : — ^7*=  20.8  sec. 
During  the  next  3*"  0",  the  period  remained  unchanged,  but  the 
motion  became  markedly  .  larger : — 'r=20.0  sec,  2<i=0.02  mm. 
For  the  next  l*"  31*,  the  motion  was  small ;  7'  -about  18.2  sec.  (?). 
For  the  next  S^oO*,  the  motion  was  most  active: — 7'— 18.7  sec., 
2o=0.06mm;  the  maximum  having  occurred  at  3"  40"*  56%  or 
18"  26'  after  the  assumed  commencement  of  the  motion.  For 
the  next  5"  the  motion  was  more  or  less  distinct 

Motion.  What  may  correspond  to  tlie  motion  appcnired 
at  4'' 34"  59%  tlic  vibrations  being  us  follows: — j?*=  18.5  see.,  2a = 
0.015  mm. 

88.  K&be,  Japan.  JfS  Componeni*  (See  PI.  VII,  the  Pub- 
Hcatima,  No.  23.)  The .  Meteorological  Observatoiy  (Director,  G. 
Nakagawa). 

The  recoKl  was  furnislied  by  an  Omori  Horizontal  Tendulum 
of  portable  form,  whoso  instrumental  constants  were  as  follows : — 


Vertical  cUstanoe  between  Uu  pointB  of  siu^poasion  and  ol 
bu|)jx>rt=90  em. 
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F.  Omoti: 


LoDgth  of  iho  horlsgontivl  stmt— 75  cm. 
WoigM  of  tho  heavy  bi»b==  11  kg. 
Multiplieaiion  of  the  pointer =30. 
QaciUjKtion  period  of  the  peiidulum=s27  sec. 

Tho  Obse  rvatory  ol  Kobe  stuiids  ou  the  toj)  oi"  a  hill  spur  58  m 
above  tlic  8ca-lcvcL 

Tho  time  of  earthquake  occiUTence=:0''  58"*  26*. 

l$t  Ptdmmary  Tremor,  Dumtion=7"  0*.  Tho  motion  con- 
si.sted  of  small  hut  distinct  vibrations  of  7'—  1.1  see..  2^  —  0.05  mm  ; 
there  being  at  first  some  traces  of  tsmaller  movements.  There 
wore  also  vibrations  of       1 1.5  sec. 

2iid  Preliminary  Tremor,  Duration— 5*"  44'  (?).  For  tho  first 
17  sec.,  the  motion  was  small,  there  being  an  initial  northward 
slow  motion  mixed  with  smaller  vibmtions.  Then  took  place, 
for  the  next  ()2  sec,  two  large  vibrations  ot  T-  :>1  st  c.  (|h  ik1u- 
lum  oscillations  ?),  whoso  successive  displuceiuciits  were  as 
follows : — 

1st  motidu  — 1.3  aim,  towuids  S  ;  2ii(l  juotioa  2.()  iiiin,  t«i\vanlH  N. 
3m1     „     =2.3  „,     „       8;    1th     „      -1.5  „  N. 

For  tho  next  2"*  38%  tho  motion  was  small  and  consisted 

of  slow  irre«rular  vibrations,  mixed  with  small  ones.  For  the  next 
1"  58",  the  motion  coiisistod  of  1  iK'iiduluiu  oscillation.s  of  T= 

29.5  sec. ;  tho  2nd  havin^;  tho  max.  2a  of  3.0  mm. 

Principal  Portion.  Vov  i\u'  first  2"'  Kl',  tlu;  niotion  was 
small:— r=34  sec.,  2«^0.18  mm.  For  tiu*  next  1'"  59%  the 
motion  was  kurgor  and  consisted  of  2  and  half  slow  vibiutions : — T== 
55.8  sec.,  2a=2.0  mm.  For  the  next  2*"  2%  wliich  may  correspond 
to  the  2nd  phase,  the  motion  became  larger  and  consisted  of  3 
vibrations: — 7'— 10.3  .see.,  2«=1.8mm;  the  last  vibmt ion  being 
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the  maximum.  For  the  next  1"*  39%  the  record  consisted  of  3 
and  half  lar>io  pendulum  oscillationi^ : — 7'=  28.3  sec.,  2^=8.2  mm. 
For  tho  next  4'"  3(r,  thv  motion  iK'cnmo  snuilkj',  hut  was  still 
active:— r=  32.0  sec.,  2rt=2.7  ram;  '/'^iK.o  sec,  2a=2.0  mm. 
For  the  next  9*"  12',  the  motion  was  smaller  and  nearly  constant : — 
r=23.5  sec.,  2a =1.1  mm;  T=dA  see.  For  the  next  8"  15",  the 
motion  was  again  smaller  and  nearly  constant: — 7*=  11.0  sec., 
2«==0.10mm;  7'- 17.x  sec,  2(f^0.45  mm. 

Themifu  i-  the  motion  was  nuich  smaller,  the  T  deduced 
from  3  successive  series,  each  of  50  vibrations,  being  as  follows : — 


31,  Tadotsu,  Japan.  MW  Component*  The  Meteorological 
Ob6ei*vatory  (Dm>ctor,  N.  Macda). 

The  record  was  furnished  hy  an  Omori  Horizontal  Pendulum 

of  ix)rtablc  form,  whoso  instnimental  tronstants  were  as  follows  : — 

VertiGal  diutanoe  beiwoen  the  points  of  susponsion 

iiihI  of  BuppoH;=85  em. 
Length  of  tho  horizontal  Htnit=75  cm. 
Weight  of  the  hoAvj  hob=10  kg. 
MiUtiplicaiion  of  the  pointer  20. 
OocUlatum  poriod  of  tho  ix?ndQlnni.:s28  mo. 

The  Tadotsu  Observatory  atiinds  on  low  ground,  about  5.0  m 
above  tho  sea-level,  and  only  18  m  from  tlic  sea  beach. 

Time  of  earthquake  coinmencoment^O"  58"*  49*.  Duration =34". 

Tho  record  is  not  very  satisfactory  owing  to  a  gieat  amount 
of  friction  in  the  seimograpii. 

Ut  Preliminary  Tremor.   Duration^:?"'  0*.   Tho  motion  con- 
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sistod  osBontially  of  the  vibrations,  mixod  with  two  sets  oi 
slower  movements,  as  follows: — ^2*=  4.7  sec.;  7'=10,4  soc.  (?) ; 
r=24.2  sec.,  2a =0.2  mm  (ixnd.  oscil  ?).   In  the  latter  half  of 

this  ix)iti()n,  the  motion  was  very  sinall. 

2nd  Preliminanj  Tremor.  Dumtioii  —  7"'  42\  The  motion  was 
greater  during  the  first  3"*  48%  and  the  two  maximum  2a'8  of 
0.86  and  0.02  mm  occurred  at  the  commencement  and  the  end 
of  this  epoch  : — T=MS)  soc.  Baring  the  remaining  3"  54',  the 
motion  was  much  smaller: — '/'— 35.0  sec.,  2a =0.14  mm;  7'^  14.8 
sec. 

Principal   Portion,  and  2nd  phases.l    Dm*afcion=5"  21'. 

During  the  first  52  sec,  the  motion  was  smalL  Then  the  motion 
became  larger  and  consisted  of  slow  vibrations : — ^7=39.4  sec., 
8«=1.4  mm;  7=10  see. 

[3rd  phasc.^  Iniratiuu,  ab  )nt  (»'"  ot)\  Thf  record  eonsistod 
of  largo  pt'ndnhmi  oscillations  (mux.  2r/>12,4  mm)  of  7'=  2 8  sec.; 
the  pointer  having  finally  got  out  of  the  smoked  paper. 

For  the  next  0  m,  the  motion  was  much  smaller  and  nearly 
constant:— 7'=  10.2  sec.,  2rt=0.68mm;  7*=  19.7  sec.,  2rt=0.72 
mm.  Thereafter  the  motion  beeanie  again  smaller  and  very 
gradually  diminished,  the  motion  being  as  follows: — 

ior  the  1st    0*"  28":  7V_12.«  kw.,  2^^0.27  mm; 
„     iifjxt  15    10  :   „  =  ia.8  „  ,  „  =0.18    „  ; 
^  towardii   the  end  :  „=:14.3  „  ,  „  =  btnalL 

These  tln-ei'  sets  of  vil nations  <jfiYe  an  average  jx^riwl  of  13. (>  sec. 

Wi  Mntinn.  For  al)0ut  50  min.  before  the  commencdnent  of 
the  Wt  motion,  the  vibrations  were  practically  nU,  Time  of  com- 
mencement of  Wt=2f*  SI"  22*.  For  the  first  5"  13*.  the  motion 
was  very  small,  the  earlier  pait  being  doubtfnl.    For  the  next 
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12"' 25',  the  motion  was*  small,  but  distinct: — '/'=iy.5  sec,  2a = 
0.045  mm. 

Moikm.  Time  of  oomm6ncemont:^4^  24"  35*.  The  motion, 
indicated  for  abont  3  minutes,  consisted  of  very  slight  doubtful 

traces  of  alow  movements  of  7'= 30.3  sec.  (?) 

26.  Taihoku,  Formosa,  Japan.  BW  Component.  The  Me- 
teorological Observatory  (Director,  H.  KondO). 

The  record  was  furnished  by  an  Omori  Horizontal  Pendulum 

of  poil^ible  f^)i'm,  of  the  ftjllowing  constants 

VerUcfkl  height  between  the  points  <d  suspension  and 

of  snppoark=:75  cm. 
Length  of  the  horisoniii]  Btnit=76eni. 
Weight  of  the  heavy  bob=6^  kg. 
MnltipUoation  of  the  pointer =10. 
OHcllhkljon  period  of  the  pendii1ttm= about  14  see. 

The  Observatory  is  situated  on  soft  Hat  ground,  about  U  m 
above  the  sea-levol. 

The  motion  vras  recorded  evidently  with  a  large  amount  of 

friction. 

Ul  PreJiminavy  Tremoi-.  lJuiation  —  6"' 0*.  During  the  hrst 
3'"  30%  the  motion  consisted  of  the  vibrations  of  jf^  4.3  sec.,  2a= 
0.06  mm,  mixed  at  first  with  small  macrO'Seismic  movements 
of  r=1.07  8ec, ;  r=:  2.1  sec.  During  the  remaining  2"  36*,  the 
motion  was  much  smaller  and  consisted  of  uniform  vibrations  of 
r=3.3  sec. 

2nd  Freliminary  Tremor.  Duration  =  5™  25".  The  motion  con- 
sisted essentially  of  the  vibrations  of  7":=  4. 5  sec.,  2a =0.1  mm. 
At  the  commencement  and  end  of  this  pliaae,  however,  there  were 
aloAver  vibiatiQns  of  7'— 21  sec.,  2as50,lmm, 
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Pnncipal  Portion.  [Ist  and  2nd  phnsfs.']  Duration = 4  "*35". 
Durinji  the  1st  2™  24',  the  motion  was  siiiail  and  consisUHl  of  the 
fnll()\vinf{  3  sets  of  vibmtions  :— 7'=41.2  sec.,  2a=0.22mm;  T= 
4.4soCm  2«=0.08  mm ;  7*=  10.8  sec. 

Then  iliere  took  place  a  alow  vibration  of  period  of  30  sec., 
as  follows: — 

I  1st  dinplacemont.   « -1.7  mm,  towmxln  W; 

(  2ua       „   2a  =  3.1      .  R 

The  subsoquont  G  vibrations  were  very  small. 

[3rd  phase.']  Durations 5*"  30*.  For  the  first  3"  29%  the  motion 

was  most  active  and  consisted  of  14  vibnitions  of  7':^  14.4  see. 
(pendulum  oscillations) ;  the  last  4  vibrations  being  particularly 
great,  and  the  last  but  three  having  the  maximum  recoixled  range 
of  11.9  mm.  This  occurred  2""  35*  after  the  commencement  of  the 
3nl  phase.  During  the  i^omaining  2"*  1%  the  motion  was  much 
smaller:— 7^=11.8  sec,  2a=2.05mm;  r=  5.7  sec.  In  the  subse- 
quent phases  of  the  principal  portion,  the  vibrations  were  veiy 
small. 

Etid  Portion,  For  the  first  10*"  1G\  the  motion  was  very  near- 
ly constant,  consisting  of  the  following  vibrations: — r=ll.6  sec., 
2a =0.35  mm;  rsO.Osec. ;  the  maximnm  movement  haxang  oc- 
curi'ed  at  the  end  of  this  i>lwse.  Tlu'veafter  the  motion  gi-mlualiy 
diminisheil,  but  was  mom  or  less  distinct  for  the  next  18"'  0*; — 
r=ll.G8ec.,  2a=0.1  mm.  Tlie  motion  was  shghtly  indicated  for 
the  noxt  30"*,  when  the  smoked  paper  wrs  changed. 

56.  Taiehu,  Fomosa,  Japan.  BW  tJomponevU*  (See  PI. 
Vlli,  the  Fiiblication.%  ^u.  23.)  The  Meteorological  Observatory 
(Director*  K.  Miyoshi). 

The  record  iras  furnished  by  an  Omori  Uprisiontal  i\'udu|um 
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oi"  small  inuitiplicutiun,*  whoso  iiifilrumentul  details  were  us 
follows : — 

Vertical  height  between  the  poiuta  ol  snspsiuaioii  and 

of  8nppoii=  75  cm. 
Length  of  the  boiiamtai  strata  12  em. 
Horiisontal  distance  between  the  writing  indes  and  the 

centre  of  the  heavy  bob =60  cm. 
Weight  of  the  heavy  bob=Oj  kg. 
Multiplications;  6  times. 
ORcillatfoai  period  of  the  pandulnm=15  sec. 

The  Obsorvatoty  is  situated  on  Hat  ground,  about  78  m  above 
Uie  sea-level. 

Jit  Prdminanf  Tremor,   Duration=G""  14*.   The  motion  was 

uuifonii  and  consisted  of  the  following  vibrations: — 7"= 4.5  sec, 
2a =0.1 7  mm;  there  bemg  at  one  place  sumo  vibrations  of  'r=z 
5.8  see. 

2nd  PreUmiwtry  Tremor.  Durations  5"  10*.  The  motion  was 
Tegular  and  very  nearly  uniform : — ^7*=  4.9  sec.,  2a=0.83  mm.  In 

the  latter  lialf  of  this  phase,  there  were  also  the  following  vibra- 
tions 10.2  sec,  2rf  =  0.3  mm. 

PrmdpaL  PorUon,  and  2nd  j^tamJ]    Duration =4'"  50% 

During  the  first  2"*  9",  the  motion  was  comparatively  small 7*= 
4.4  sec.,  2<t=0.23mm;  7*=:  9.8  sec.,  2a=0.73  mm.  Then  there 
appeaix)d  some  traces  of  slow  movements,  the  motion  during  tlie 
next  r  49MK'ing  as  follows  :—7'=0,8  sec.,  2«=0.5mm;  r=4.7 
sec.,  2a=0.23  mm;  2'=16.5  sec. 

Then  there  followed  throe  lai^ge  vibrations  of  7=:  10  sec., 
whose  max.  2a  was  2.0  mm.  In  the  remaining  part  of  this  phase, 
which  fonned  a  minimum  epoch,  there  were  small  vibmtions  of 
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7*2=  about  4.5  sec.  [3rd  phase.']  Daration=5"*  40'.  During  the 
first  1*"  44",  which  formed  tho  maximum  jiroup,  tbo  motion  was  as 
follows  :"  T=:!),{ I  sch:'.,  2rt=12.8  mm;  the  maximum  motion  having 
occurred  1""  30'  after  the  commenoement  of  this  phase.  In  the 
BubBequent  part,  the  motion  ytab  much  smaller: — T=B»9  soc.,  2a 
=6.3  mm ;  T=^,0  sec.,  2a=0.33  mm ;  7*=14.8  see.,  2a=6.3  mm. 
The  vibrations  of  tlie  last  soi-t  were  probably  due  to  the  proper 
pendulum  oscillatious.  During  the  remaining  3*"  5'  of  tlie  principal 
portion,  the  motion  was  nearly  uniform: — 7'=  8.4  see.,  2a=1.2 
mm;  2*=:22.3  sec. 

End  Bortim.  For  the  first  5"  40',  the  motion  was  nearly 
constant ;— 7"=  8.8  sec,  2«  =  0.5nini;  7'=5.3sec. ;  7'=:4.0sec. ; 
there  beting  also  some  traces  of  slow  vibmtious.  The  subsequent 
motion  became  again  smaller: — 

8.9 see.,  2a=0.2  mm; 
5r=  6.4  „  ,  2a=0.17  „  ; 
3P=18.6  „  ,   2a =0.17  „  . 

Towards  the  very  end: — 7  =  10.5  sec. 

S7.  Tainan,  Formosa,  Japan.  EW  Componeni,  (See  PL 
Vin,  the  PubUeaUons,  No.  23.)  The  Meteorological  Observatory 
(Director,  T.  Endo). 

The  rec:oi(,l  was  fninishod  by  an  Oniori  Horizontal  Pendulum 
of  small  multiplication,  exactly  similar  to  tlie  one  in  use  at  Taichu 
(§  26),  the  only  di£R3rence  being  that  the  Tainan  instniment  had 
a  natural  ofldUation  period  of  17  sec.  The  observatory  stands 
on  low  ground  about  14  m  above  the  sea-level. 

1st  Preliminary  Treimr.  Duration  =  ('»"'  \\)\  The  motion  con- 
sisted essentially  of  the  following  vibrations: — 4.0  sec.,  2a— 
0,12  mm,  After  V  W  U'om  tho  cpmmencemont,  thore  appeared 
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the  superposition  of  the  foUowlDg  slow  movemonte  of  2'=:  13.8  soc., 
2a=0.08  mm. 

2nd  Prdimnary  Tremor ;  Ui  and  2nd  Phases  of  Prvn&pal 
Portwn.  Total  duration  =  9""  4 PA  During  thv  fliist  G'"  27',  tlio 
motion  was  smallor: — 2'=  12. 1  sec.,  2^=2.3  mm;  there  Ixjing  at 
minimom  epochs  also  some  small  vibrations.  Tho  2nd  preliminary 
tremor,  which  was  markedly  larger'  than  the  1st  preliminary 
tremor,  began  with  a  vibration  whose  two  displacements  were 
as  follows : — 

IhI  displaoeniettt,  a=:0.73  mm,  towaitUi  £; 
2iid       „        ,  2a=1.00  „  ,     „  W. 

During  the  remaining  part,  the  motion  became  gradually 
larger: — ^7*=  11.8  sec.,  8a=4.6  mm;  7*^15.8  sec.  (p^dulum  oscil- 
lations ?) 

3rd  Phase  o/  Principal  Portion.  Tlic  motion  was  very  active 
daring  the  iirst  3"*  8':^r^U.8  sec.,  2a=:13.8  mm;  the  maximum 
having  occurred  0*  45'  after  the  commencement  of  this  phase. 
For  the  next  6"  2'  the  motion  was  nearly  constant: — ^7*=  12.0 

ficc.,  2a  =  G.8  mm.  For  the  next  23"'  48*,  the  motion  R'maine<l 
also  active: — 2'=  13.2  sec.,  2rt  =  5.(i  mm.  Thereafter  tho  motion 
became  much  smaller  : — T=12,7  sec.,  2a =0.67  mm.  The  motion 
was  indicated  UU  3**  50"  when  the  smoked  paper  was 
changed. 

28.  (yGyaUOf  (lu-ai-  Ikulaix'stj,  Auslin-iluiiguiy.  Royal 
Meteorological  and  (ko(h  namic  Observatory,  (Director,  N.  Thetge 
v.  Konkoly  jr.;  Assistant,  A.  Eethiy.) 

The  earthquake  was  recorded  by  a  pair  of  Omori  Honaontal 
Pendulums,  whose  oscillation  period  was  about  15  sec. ;  the  NS 
component  motion  being  much  greatei"  tlian  the  E\V. 
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(NS)  '  In  the  2nd  preliminary  tremor,  the  motion  vms  as  fol- 
lows:— 7*=  8,4  sec,  2a=0A  mm;  7*=  17.2  sec..  2^=1.4  mm  (pond, 
oscillations).   The  max.  2a=2.7  ram  {T=W.S  see.)  occuntjd  22* 

aO*  nfier  the  commoncoment  of  tlic  earthquake,  the  motion 
remaining  active  tor  the  next  10  m. 

aa  Birmingham,  England.  MW  CamponetU.  (See  PI.  X, 
the  P^tblicaUons,  No.  23.) 

The  observation  was  made  by  Dr.  C.  Davison*  wil^  an  Omori 

Horizontal  Pendulum,  whose  instrumental  constants  were  as 
follows : — 

Vertical    clisiance  Ijetweeii  tlie  \nmii  of  snspeusiaa 

nml  the  |K)iiit  of  support    0.8/1  mctit*. 
Horissontftl  diatauoe   between   the  point  of  snppovt 

and  the  centre  of  the  heavy  bob =0.70  me^. 
Weight  of  the  mass^O  I^. 
Mnltiplieation^mtio  of  the  tmitiig-uidex=14.4. 
OsciUation  period  of  the  peiidi]lam=84  eec. 
Telocity  cd  xeoonliug  paper=10.8  ram  per  sec. 

Time  of  commoncement=l''  0"'  35".   Total  Diiration=2"  40"". 
Ut  Preliminary  Tremor.   Duration =8"*  21':— 7*=  12.0  sec,  2a 
=0.035  mm;  sec.;  r=7.i  sec. 

2nd  Prdiminary  Tremor  bcj^an  at  l^'S^'oO'.  Duration  =  7 '"3 7°: — 
y'=ir).5stK!.,  2a- 0.083  tuiii;  T-  \A\ sec,  T=^.~  sec,  2^fz:;0.028inni. 

Principid  Portion  began  at  T  10"'  33\  mid  2nd  phasei,'] 

Duration=8"'  49\  During  the  first  C^SO*,  the  motion  was  small : — 
r=D.O  sec.,  2a =0.07  mm;  7*=  18.8  sec.,  2«=0.16  mm.  Daring 
the  romaininj;  2'"  10',  the  motion  became  Irtrfjrer  and  eonsistcHl  of 
3^  nearly  eijual  vibrations; — 7'— 30,G  sec.,  2«— 0.24  mm;  7'=  7.5 

*  An  account  cC  the  seMDOgtMH  IB  giv«n  tgr  Jh,  D»viM>ii  in  the  BoU.  <L  See.  Stem 
lUliiuut,  Vol  X. 
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sec.  [3rd  phmc]  Commencement^  1"  25"' 22*.  Duration ^O'SO^ 
During  the  tirst  2"  37",  there  was  a  gradually  increasing  series  of 
5  vibrations,  due  to  the  proper  pendulum  motion : — ^7^=3 1.4  sec., 
2a=i:2.0d  mm,  the  greatest  being  the  4th  yibration.  For  the  next 
4"  3%  the  motion  small 7'=18.7  sec.,  2<i=0.73  ram.  For  the 
remaining  2"' 5  i%  the  motion  was  larger  and  regular: — 7'=  17.1 
sec.,  2a— 1.5<)  mm.  [4th  phase.]  Commencement  — I"  31'"  52\ 
Daration=6'"  21'.  The  motion  was  small  i^r^  12.3  sec,,  2a= 
0.60  mm. 

For  the  next  10"30",  the  motion  rcmHined  nearly  constant : — 
7'— 14.7  sec,  2.f  0.2")  nun;  7=9.7  sw..  2^  =  0.012  mm.  The 
8ubse(juent  motion  gmdually  diminished,  the  vibrations  for  the 
next  8"  being  as  follows 7^=14.3  sec,  2a=0.13  mm ;  7'=  10.4 
sec.  The  average  period,  deduced  from  3  successive  series,  each  of 
30  vibrations,  was  as  follows: — 


80.   WathirngtoUf  D.C.,  U.S.A.    N8  €knnponmU,    (See  PI. 

IX,  the  Publications^  No.  23.)  U.S.  Weather  Bureau.  (Professor 
C.  F.  Marvin.) 

The  record  was  furnished  by  Uie  Weather  Bureau  (Omori 
type)  Seismograph,  whose  instrumental  constants  were  as  follows: — 
MitIti|ilieatioii=:  10. 

OsoillRtion  period  of  pendulum  =ahoiit  Ifl  soc. 
Time  of  commencement =1"  8"'  25".    Total  Dur.ition  — 2''  30"'. 
la  PreUmnaru  Tremor,   Duration=15"'  2\    During  the  first  6*** 
24',  the  motion  was  very  small  and  doubtful.  During  the  remain- 
ing 8"  38'  the  period  was  as  follows :— r=43  sec.  (?) ;  TssdJ  sec. 


lO.l  .sec. 


16.1 
17.9 


 mean,  10.7  hoc. 
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2nd  PteUnUnary  Tremor  began  at  1"  23*'  27'.  Danition=:12'" 
0'.   The  motion  was  fimall : — 7*=  21.4  sec. ;  28  sex;. ;  39.5  sec. 

Principal  Portum  Ix'^'aii  Jit  ]"  35""  30".  \^ld  aiul  2nd  p}um's.'\ 
Duration —  15"' 41*.  Thu  movomoutt>  during  the  successive  epochs 
were  as  follows. 

( i  )    r)""  1()':-M<.(i<»n  small  niul  im  ^mlur  -.  —  T^  W^  sec.  (?) 
( ii )    3"'  18*:  -Mi.tiuu  well  defiiiod  :  -  T=  19.5  soc.,  2a=0.U5  win. 
(ui)       13*;  - Tr=27.8  aoc,  2a =0.08  mm. 

[3ni  phase.]  ComTncnmneut^r'  51"'  17*.  Duration  =  22"*  50*. 
During  the  tirst  2"' 10%  the  motion  was  regular: — r=  19.4 sec. 
(pond.  osciUafions),  the  max.  2a =1.2  mm  occurring  at  1^  62"  39*. 
During  the  next  20"  34',  the  motion  was  much  smaller  and  qnick- 
or 7'=15.1  st'C.    The  subsequent  motion  was  small. 

^Vi  l)egan  to  apjx?ar  at  2''  27 "  28*,  whun  the  motion  Ix^camc 
distinctly  larger,  for  about  10*"; — ^2'=l(i.5  soc.  Thereafter  the 
motion  was  small,  till  abont  2"  52"  30%  when  there  appeared  again 
distinct  slow  vibrations,  for  5-60':~7'=27  sec.  At  2*  68"  43" ,  the 
motion  became  more  distinct : — 7'— 21.0  foc,  ;  13.5  sec.  These 
movements  lasted  till  S**  12'"  0',  tlie  8ubse4uent  motion  gradually 
decreasing. 

31.  Chettenham,  Maryland,  U.S.A. 

Ma^rnotic  Observatory  of  the  U.8.  Coast  and  (JcH)detic  Sun'cy. 
(•Superiutcudcnt,  Dr.  0.  H.  Tittman  ;    Observer,  J.  E.  Burbank.) 

The  motion  was  recorded  by  a  pair  of  Omori  Horizontal  Pen- 
dulums, whose  magnification  was  10,  the  oscillation  periods  of  the 
pendulums  being  as  follows: — 


21aec. 
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Time  of  earthquake  occDirence— 1**  8"  39*.   Total  dttrationsr 

3"  4.")"'. 

(It  Component,    (PI.  tX.  tho  PuhUcafiom,  No.  23.) 

1st  Preliminary  Trmn&r,  Duration = 14""  42\  For  the  first 
0"  IS*,  the  motion  was  very  small  and  doubtfnl.  For  the  next 
8"  24.  the  motion  became  Blightly  but  distinctly  larger,  vibrationB 
lioing  irreatcr  at  the  commencement : — r=12.3  sec.,  2a=0.05  mm  ; 
'r=z~.X  sec. 

^ttd  FreUinmary  Tremor  commenced  at  T  23*"  21*.  Dura- 
tion =12"  14*.  For  the  first  2  min.  there  were  3  slow  vibrations : — 
7*=  41  sec.,  2<r=:0.1  mm.  The  subsequent  motion  consisted  es- 
sentially of  small  regular  vihiations  : — 7'=14.4  sec.,  2rt  — 0.0.')  mm. 

Principal  Ptn  tion  l)egau  at  1"  3o"'  35*.  \_lst  and  2nd  phasef,^ 
Durations  13°'  47%  The  movements  during  the  sucoesive  epochs 
were  as  folbws : — 

( i )  3"*  53"  The  molioii  mis  made  np  of  4  Tery  alow  Tilini" 

tiouB :  — 

(n)    Ist  2"       ...  .Two  vibrations,  T==ii4 

(6)  next  1    48   ,  „  ^54  „  ,  2a  =  0.12  mm. 

There  were  also  some  veiy  slight  vibrations  of  2'=about 
15.7  sec, 

(ii)  3"*  02*  Motion  irregnlai-,  2«  being  nearly  the  same  us  before : 

^'=45.5  see. ;  22.4  net;. 

(iii)  G""  42*  MoUon  HmuUer  :—T=  W.i)  .sec.,  2a  =^  0.08  mm  ;  T= 

14.7  sec. 

I3rd  pfia$e,]  Commenoement=:l'*  49»  12*.  Duration =ir  -0*. 
During  the  first  l*"  56*  the  motion  was  small.   T}ie  two  max.  2a*s 

of  0.83  mm  (absolute  maximum)  and  0.(50  mm  occuri-ed  respectively 
at  V  52"  54'  and  1"  58"'  38^ :— 7'^1U.7  st^e. 
The  subsequent  motion  was  as  luUowa 
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(J4  V,  Omori : 

(i)   23"  26"  MolioQ  nearlj  constant:— 7=15.2  sec.,  20=0.2 

mm;  7=19.9 sec.,  2a =0.36 mm. 
( i  i )   29'"  12"  Motion  very  regnlfir :  —  T=  16.0  sec.,  2a =0.21  mm. 

Thv  vibrations  occun-ed  in  groups  wiiueje  lueau  interval  was 
3.0  minutes. 

(iti)     5<»  20*  Motion  small :—  7=19.4  see. 

(it)    4"*  5*  Motion  sl^hUy  IftigHr,  and  nearly  nniform:— 7= 

21.3  sec.,  2a=0.1  mm. 
The  subflequent  motion  belonged  to  W^, 

Wf    TIk'  motion  in  the  snccessivo  o^xxjlis  was  as  follows  : — 

(i)   4'"  3U"  Motion  re^^ulat*,  forming  a  couspieuoua  maximnm 

gioap:— 7=19.7  see.,  2a=0.28  mm. 
The  maximum  motion  occurred  at  about  2"  4*^  18*. 
( H )   ^  5"  Motion  BmsU. 

(iii;   4  20  There  was  a  2nd  maximum  gi-oup: — 7=17.4  sec, 

2fl=0.11  Tnm. 

Thereafter  tlu' motion  gradually  dimiuislwjd,  with  alternations 
oi'  max.  and  miu.  gix)nps. 

The  recoitl,  as  deaciibcd  above,  consists  almost  entirely  of 
the  pendulum  oscillations,  whose  mean  period  oomes  out  to  be 
20.4  sec. 

(II;    3r<S  Component,    (IM.  IX,  the  Publications,  No.  23.) 
1st  Preliminw  y    Trem'w.      Dumtion  — 14"'  45".     the  uiovenieuts 
during  the  successive  epochs  were  as  follows : — 

( i )   er  0*  Motion  rery  small 7=7.1  sec. 

'  (ii)   3- 82*  7=30.3  860.  (?) 

(iii)   2"  2*  There  were  3  vibrations 7=40.7  sec.,  2ff=0.15mm. 

( i^ )   8"  11'  Motion  small :  7=12.0  sec. 

2nd  Preliminary  Tremor  began  at  I"  23*"  ;i3\     The  Uuj-^tiou  wa^ 
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(i)  l^a-i'  3  slow  vibratioua:— 2'=30.7  8CX3.,  2a=0.09  mm;  T 

= 8.4  sec. ,  2<<  —  smalL 

(ii)  3"' 41'  Motion  small:— r- 11. -2  sec. 

(iii)  3-  4*  3  abw  Tibmitons:— r::=4a.O  aeo.,  2a =0.07  mm. 

( IT )  3""  56'  Motion  small     T=%ifi  aec,  2a=:0.06  mm. 

Principal  Portion  bop:aii  at  1''  35"'  39",  [1st  and  2nd  phases.'] 
Duration =15"'  31*.  The  motion  during  the  successive  epochs  was 
as  follows : — 

(i  )   6**  25'  Motion  oonsisted  <rf  small  irregular  vilnatioiis:-— 2* 

=62.3  sec.,  2a=a.l4  mm ;  2*^25.8  see. 
(ti)    '2'"  ()V  .  .  r=48.0  sfv.,  2a^0.09  mm  ;  r^l4.1  sec. 
(iii)    7™  G»  T=29.8  sec,  2fl  =  0.24  mm. 

I3rd  phase.]  Commencement  =  1"  51"'  10' :  Duration =11"'  62*. 
Siiocessi've  movements  were  as  follows : — 

( i  )   2"»  58"  Motion  was  most  active : — T=:IS.S  sec.,  2a =2.12  mm. 

The  niaxiimini  vihiaiKui  (pciuluiuiu  oscillatiuu)  was  the  4th  one, 
and  occurred  at  1"  52  "  15\ 

( ii )  4"  3»  Motion  small y=21.2  sec. 

(iii)  4*54'  Motion  agnin  lai-ger.  and  imiform  : — 2  =  16.3  aec, 

2a  — (),r>7ram  (pemluhun  ost  illjitions.i 

[4tt  phftse.]  commencement=2"3'"2'';  duration=ir  20'.  The 
motion  consisted  entirely  of  the  pendulum  oscillations : — 7*=16.4 
sec.,  2a =0.21  mm. 

[5tfi  phase  and  end  portion.']  Cbnimeiiceincnt  — 2'' 14"' 22\  Suc- 
cessive movements  were  a.s  follows  : — 

(i)  5"19«  Motion  small 

(ii)  14<"2*  Motion  again  laiger,  and  noaily  nniform :— 2a=0.12 

mm  (pendnlnm  oscillations). 

(ui)  17"61«  Motion. sman:'-r=21.68ec.»2a=0.05 mm;  7=16.8 

sec*,  2a=0,lmm. 
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The  subsequent  motion  belongs  U>  W... 

appeared  at  2''  51"  27%    Successive  movements  were  as 
follows : — 

(  i )    5""  19'  Motion  cousistod  of  small  slow  vibmiious : —  i  —  2U.0 

sec.,  *2a  -O.tifj  mm. 

(ii)  l"'4ti'  Motion  siuall :— :5.»;  s(c,  2a::^0.0<;  mm. 

(iii)  4-46*  Motion  lai^r  and  regular T-  2-2.0  aec.,  ^  =0.19 


(iv)  10"*  10*  Motioa  smaller :  -  T=  W  fioc.  2a  -  0.06  mm. 

Thereafter  the  motion  *;mdartlly  dimiuishe<l,  with  some  al- 
ternrttions  of  max.  and  min.  ^jjroups. 
ir,  occurred  at  5  •22'"  4\ 

The  period  of  the  free  pendulum  oscillation  comes  out,  on  the 
average,  to  he  18.2  sec. 

32.  TaeuiHtya,  Mexico. 


Observatorio  Astronomico  Nacional  Mexicano.  (Director,  Ing. 
F.  Valle.) 


The  registers  were  furnishetl  by  a  pair  of  Omori  Horizontal 
rendulnms,  who.se  majnutication  was  10,  the  oscillation  jK^iiods  of 
the  pendulums  being  as  follows : — 


Time  of  commenceiueut  =  l'' U"'  25% 

(i)    EW  Component,    (PI.  X,  the  Fuhlicalium,  No.  23.) 
I'utal  duration =2"  40". 

l&i  Preliminary  Tremor.  Duration ^  16"' 38\  the  bcgiiming  be- 
ing marked  by  small  but  distinct  vibrations,  Motion  was  nearly 
ttniform r=7.7  flee, ;  3r=l4.2, 


mm. 


17.3  sec. 
17.6  . 
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2itd  PieUmhiaty  Tremor  b^n  at  1'  28"*  3*.  Daration=15"' 
42*.   Sucoessive  movements  were  as  foUows : — 

(i)  6"'3(>*  Motion  distinct:— r= 32.-2 8e<.'..  '2^j-0.1(» mm. ;  the 

iimxiniuiu  inotiou  occmriug  at  the  oommeucemeut  and  cud  u£ 
tluH  epooh. 

(u)   9""  12'  MoUon  much  smaller  :-~T=11.7  see. 

Principal  Portion  l)egan  at  1*43'" 45*.    [ht  and  2nd  phmes.'] 

Dun)tjon  =  lH"' 4".  This  phase  is  chamcterizyt'd  by  the  upiK  ai  ance 
of  well  dctiuod  slow  Yibiations,  the  motion  in  the  succesflive 
epochs  being  as  follows: — 

(  i )    0'"  42"  Motion  vc^nliix  :  —  T  ^  57.4  hoc,  2«  ^  0.1  mm. 

( ii )  :V"  8*   Motion  ref?nlar  :  -  Tz=  45.8  Hec,  2a  ^  0. 1  mm. 

(iii)  5""   Motion  larger  aud  quicker:— 37.5 see,  2a =0,12 

mm. 

(iv)  3"  19*  Motion  verj  bdmU     T=  24.»  aec. 

[Srd  phase,']    Commoncemont = 2"  1  49*.    Doration =14"  62". 

Motion  was  well  dcfinal.  For  the  iirst  10"' 30':— ^=22.5  sec,  2a 
=i0.l2  mm.    For  the  next  4'"  22":— 2'- 18.1  sec,  2rt=0.15  mm. 

[4th  phase,  etc.}  Commencement's"  16"*  41*.  During  the  first 
37*"  5%  &o  motion  very  gradually  diminished : — ^7*=  15.9  sec. ;  17.8 
see.;  17.1  see. ;  18.0 sec. ;  21.2 sec. 

Then  followed  the        i  Dot  ion.  * 

If;  iK-'Tuii  ;«t  2"43'"46\  For  tlie  lirat  20'"  35*.  the  motion  was 
well  defined  :— i'=18.0  sec.,  2a=0.1  mm.  Thoi-oaftor  the  motion 
became  gradually  small.  The  period  of  the  proper  pendulum  os* 
cillations,  given  above,  are  included  between  15.9  and  18.1  sec., 

giving  the  average  value  uf  17.5  sec, 

(U)   m  Component.   (PI.  X,  the  PublicaUotis,  No.  23.) 

Total  diu-atiou::=3  hours. 
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F.  Omuti ; 


Tlie  1st  and  2ii<i  pit*liminaiy  tn  inois,  1st  and  2nd  pliascs  of 
tho  piincipal  portion  were  not  well  dofiuod. 

In  tho  Ist  proliminary  tremor: — r=:8.9  80C. 

At  42**  45"  after  the  commencement  of  tho  earthquake*  there 
apijcarcd  slow  vibrations,  the  movements  in  the  successive  epoclis 
being  as  follows  : — 

(  i )    2  "  l.V  T   45.0  sec.,  2a  =:0.1mm. 

(ii>   3  41   ,,=40.3      ,  „  =0.1  . 

Then  tho  motion  became  small: — 

(iii)  10™  15"  r=24.5iiec. 

(iv)  1  57  Motion  latter  :~r=23.4BGC.,  2a =0.13  mm. 

( V )   6  51  MoUou  quicker  and  moet  active : — 7=15.8  mc.,  3a= 

0.30  mm  (pcud.  osc.) ;  tlio  vibmtioiiH  Imiug  Hj)Ci:ially  bu-go  and 

uniform  (Iiuiu<^  11k>  lust  2"'  1(5". 

Then  the  motion  gradually  diminished  : — 

(vi)  5»25^  r^l6.3aee. 

occurred  1**  37"  after  tho  commencement  of  the  earthquake, 
or  at  2"  48"  25%  and  tho  motion  was,  for  the  first  5"  remarkably 
large  and  regular : — 7*~10.4  sec.,  2*1=0.48  mm  (ixjndulum  oscilla- 
tions.) ;  this  hciiiir  much  gieater  tlian  TF,  or  tlie  earthquake  pro- 
per. For  the  next  1')'"  30*,  the  motion  wab  smaller,  but  still  ac- 
.tive:.^r=  16.0  sec.,  2a=0.15mm  (pcndnlam  oscillations). 

The  successive  max.  groups  occurred  at  an  average  interval 
of  3"  30*. 

88.  Quarto  Castetto,  Florence,  Italy.    (PI.  XT,  the  Publiea- 

Horn,  No,  23.)    Ossonatorio  Geodinamico  (K.  StiaUosi). 

Tl)e  earthquake  was  recordinl  by  the  Giunde  Pendoio  Ui  iz- 
zontalo  (Stiattesi)  and  the  Grande  Microsismografo  **Vicentini" 
a  pantografo,  Tho  constants  of  tlieso  instruments  were  as  follows. 

Grando  Pond.  Oriz.  (Stiattcsi) : — 
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£W  CSomponfiDt 


NS  Component 


Weight  of  thD  bob=:600  leg. 
Hagnification  =60 
Proper  period  ;=17*4tiec. 
Weight  of  tlie  bob-600  kg. 

Maguificaiiou  =50 
rroper  ptniixl         -21.4  sec. 
j  Weight  of  t]ie  bob  =  500  kg. 
"  Vioeiitim  "  u  {Nmtugruiu.  .  j  Magnification  =^80 

V  Proper  period       ==4.6  sec. 

The  diu"utiou  of  the  1st  preliminary  tremor  was  as  follows  :- 

Pend.  Oria.,  EW  7"  20»  J 

NS  7    9  I  mean,  7"'m 

Yioentini  7  22  ) 

The  commonccment  of  motion  was  somewhat  obscure.  If  we 
take  the  first  woU'dofined  vibration,  the  time  interval  between 
the  latter  and  the  end  of  the  Ist  preliminary  tremor  was  as 

follows  I'ciui.  Oriz.  EW,  7'"  0" ;  Pond.  Oriz.  NS,  7"'  0' ;  Viccntini, 
7"  18% 

(i)   Pcindolo  Orim>ntale.    EW  Compohetvt, 
Time  of  commencement— 0"  58*  49'.   Tdtal  dimition=2''  47". 
lit  Brelimmary  Tremor.   Ihiration:^  7"  20^.    During  the  first 
20  sec,,  the  motion  was  very  small    This  was  followed  by  a 

vibration  of  2«=0.056  mm,  T=7A  b(^c,  the  motion  rcmuinin*;  active 
for  the  next  69  sec.  The  subsequent  vibmtions  were  as  follows  : — 
r=:4.3  8ec.,  2a=0.04mm  ;  r=: 9.1  sec.,  2a=:0.07.  The  motion 
duting  the  last  2"  21'  of  this  portion  was  very  small. 

2nd  Preliminary  Tremor;  Ist  and  2nd  Phases  of  Principal 
PorlMi.  Commencemunt^  1"  06'"  7\  Duration^  14"'  40\  Tlic  sue- 
cessivc  movements  were  as  follows. 
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F.  Onxni: 


(i)  4''28*  The  motioii  was  active :  — 2^=9.7  aec.,  2a=0.2ti  mm 

y=ai  sec.  (?). 

(ii )  3"  17" . ^ . . .  .Motkm  small T=4.9  nee.,  20=0.04  mm ; 

2'=  8.2  see.,  2a =0.10  mm. 

(iii)  0**  55« 2^=9.2  aeo.,  2a =0.12  mm ;  Ts4.9  sac. 

3rd  Phase  of  Principal  PurtiuUt  etc.  Tlic  bucoessivo  movements 
were  as  follows  : — 

(i)  4"50^— 3r=11.5aec.,  2a:=r0.22mm;  T=  11.5 sec.,  2a=0.22mm; 

3P=:  14.7 sec-.,  '2a -0.41  mm;  T-- 7.1  ace,  2a  =  0.()34mm. 

(ii)  ()"*    . . . . The  muiion  wns  most  nctive,  this  -puii  ct>nL'sj>)U(liiig  to 

the  ejKXjh  iu  tlio  NS  tompimout,  in  which  the  mution  wns 
Mmail  au(l  whU;h  iollowwi  tiio  lurgr!.st  jieudiihnn  (nsciUations : — 
2'=iai8ec.,  'ia=1.2mm.  (peud.  osc.);  r=  10.2  sec,  2a=:0.44 
mm. 

(iii)       32". . .  .Motion  smaller :  - 

7=16.6880.,  2a =0.34  mm  (peud.  osc.) 
„=:14.<1  „  ,  „  =0.57  „ 
,,=10.3     ,  n  =0,38  „ 
t  „=  4.8  „  ,  „  small. 

( iv)  9"»  20\ . . .  Motion  i-eguki :  -  7=14.1  aec.,  2a  =0.14  mm ;  3P=7.9 

80C. 

(\)    12™ 2'  ..  Motion  very  small;  -2  =  10.5 HOC,  2a=U.09 mm  (iiend. 
osc.) 

(vi'l    U^IS"  Motion  very  small. 

(The  further  continuation  is  not  given  in  the  copy.) 

(ii)    Pendolo  Oii/zontalo.    iVS  Component. 

1st  Prelimmry  Tveimv.  Diimtioii=7"'  D\  For  the  lirst  14  sec, 
the  motion  was  small  and  partly  obscnrc.  Then  there  took  plaee 
the  following  vibration 7=7.0  sec.,  2a  =:  0.08  mm.  The  subse- 
quent motion  was  small  and  nearly  constant : — ^7s=4.3  sec. ;  T= 
6.4  sec. 
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2 lid  Freiiinimry  Tremor  ;  hi  and  2nd  Phases  of  the  Principal 

Portion,    Commencements  1"  05"' o6\     Durations  10""  09*.  The 

first  7*  23*  probably  corresponds  to  the  gnd  preliimiutry  iremr, 

the  vibrations  being  as  follows : — 

r=ll.l  mo.,  2ti=0.35  mm. ; 
—  47 

,,=54.6  „  ,  „  =0.51  „  . 

the  maximum  vibration  of  the  last  set  ooouiring  at  the  commence* 
ment  of  this  phase. 

The  next  4""  22'  probably  corresponds  to  the  1st  phase  of 
principal  portion.  The  motion  was  small: — 2'=  9.6 sec.,  2a =0.058 
mm;  r=50.0scc.,  2a=0.22. 

The  remaining  3"2r  corresponds  to  the  Snd  phate  of  the  prin- 
ciptil  portion,  the  motion  becoming  more  active: — T'sS.Ssec.,  2a 
=  0..30mra;  7'=29.8.sec..  2«=:0.44. 

3rd  Phase  of  Principal  Portion  began  at  l'"21'"05*.  Dumtion 
=8*"  15\   The  successive  movements  were  as  follows  : — 

( i )  0*"  53*  Motion  small         16.2  mc,  2a=0.63  mm ;  the  mtad- 

mvaa  viliraiioti  nccnniiig  at  the  be^ning. 

(ii;    2"' 51*  The  motion  coDsiaied  of  8  large  pendnlnra  oaoilla* 

tioua :  —  7^—21.4  Hec,  2a  =  4.0  ram. 

(iii)  2"' 29"  The  motiou   b  cuin.^   ubmptly   numU  i  —  T—^ii.ii  »qc,, 

2rt  =  (>.72  mm  ;  T-9.i)  sec.,  2a -0  W,  mm. 

(iv)  P' 58*  . ...  Motion   again    lui-ger  :  — T=2U.7  aec.,    2o=2.W>  mm 

(peud.  cecl.);  2'=:8.5sec.,  2a=0.14mm. 
The  motion  during  the  subsequent  phases  was  as  follows, 
(i)  15"*42''... .The  mokioQ  xmst  on  the  whole  oonehuit: — 
r  2"=:  12.2  sec.,  2a=0.46mm.; 

,,=14.6  „(?).  „  -0.20   „  ; 
I  ,,  =  18.8  „    ,  „  =0.48   „  . 


Digitized  by  Google 


72 


i\  Uoiari: 


(ii)    15"' . .  .Til"  iuoti.Hi  iiiiu'h  siiuilUir  ;  — 

7  -  1  < ;  H  sec.,  2a = 0.22  inni. ; 
I, =11.9  n  ,      =0.15  f 
\   „=  4.9  „  ,  801^. 

Thci«after  the  motion  became  much  smaller. 


(iii)  Comparison  of  the  EW  and  J^S  Components.  The  fol- 
lowing tabic  gives  a  comparison  of  the  periods  and  amplitudes 

occuniiig  iu  the  two  liuiizuiital  components. 

Quarto  Qistello.    EW  and  NS  components  conipsii-cil. 


EW  Componeni 


NS  Compoiient. 


2  Coni|)»)ueut.s  taken 
together. 


Ist  I^liminaiy  Tremor. 


Duration  =^7"'  20'. 

7-9*. 

r«4.3  wo.,  aasO.04  min 

/       4.3  Bee,  2a  ts  0.02  mm 

7=4.3 

3^  =  0.01  mm 

J       6.4  0.02 

r..4 

0.02 

^     9.1  Oj07 

y.i 

0J}7 

2n(l  Prelim iujirv  Ti-emor. 

lJm'ation=:7"'4i>' 

' 7's 4.9  «ae.,  9a«0.0i  am 

7'b4.7  see.,  Si»0.(l2  am 

T-4.8WC.. 

a^eOjOt  am 

a2  0.14 

8.6 

0.26 

11,1  0.2j 

11.1 

0.25 

54.5  0.dl 

&I.5 

0,51 

Ist  and  2nd  Phases,  Principal  Portion. 


Duration =6*  55'. ,  ,  , 

7'"  43*. 

'7«4J9Ne.,  9iii«Ban]L 

9.3     ,      0.12  mm 

9.0  see..  0.90  am 

1 

1 

29.B  a44 

1  :  : 

,      iOJH  0.22 

rs4.9  MC..  2aa-'  1 

9.1  oao 

29.8  0.44 

50.0  0.22 
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EW  Comixmeut. 


NS  Component. 


2  Coni]X)uoutH  taken 


3rd  Phase,  Principal  Portion. 
r)iimtion=:l(rr)0"  8"15\ 

fT=6J)8©Cn  2a  =  QJ03l  mm 

109    ,  ail 

14.7  ,  0.44 
l&l*    .  1.18 


r  T»— 

2aa— 

T=6.'>  sec.  2a 

m0i)31  mm 

Mm 

eo.«  aiemni 

10.0 

044 

1&.8 

.  (MS 

15.0 

OjUS 

2M« 

,  4.9 

4J» 

^  9S6 

.  0.79 

0.72 

4th,  etc.  Pliasos,  and  End  Portion. 


Tsl.8,9ec.,  2a-smiai. 


14j4  , 
16.S  , 
l8uS  <• 


0.38 
057 
0.09 
0.31 


Tb4.9  aeo.,  2a=8mitil. 


12.1 
14.6 

1&8 


0.46 

o.aa 

0.22 
0.48 


Isi^Jjaec.  2of  =  —  mm 
0.1  OM 
12.1  0.46 
t4w5  0J57 

16.7  0^ 

18^  0.48 


*  PiBniliilim  iBoitoD. 

94.   Querce,  Florence,  Itjily. 

Osservatorio  Geodinamico  del  Collegio  "  alia  Querce."  (Direc- 
tor, Padre  Cbmillo  Meizi  d'Eril.) 

The  following  is  an  analyfdR  made  on  a  lithographic  i-epro- 

duction  of  the  refjords  from  two  JSiiatturti  llcjiizonUil  renduhims, 
wliich  registered  in  the  directions  NVV^-fcJE  and  NE-S\V,  and 
whose  magnification  was  25 ;  the  diagram  oonaisting  almost  entire- 
ly of  the  pendulam  oeeillationa. 

NE-SW  Coinpoueut. 


>IW.-SE  Compoueut. 


Dnnkt{oii=7»15' 

r=8.78ec.  . 

,,  =  8.7  „  . . 
2(1  =  0.08  ram 


,7"  16* 

.  3.6  «ftc. 

0.072  mm 


The  motion  became  lai]ger  3'"  26*  after  the  commeuoemeut. 
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F.  Omori: 


2nd  PreVminanj  Tremor  and  Principal  Porikm, 
Large  pendulum  usciliatioiis  appeared  at 

18"46«  I  12~l(y 


aiU  i  the  commencemeTit  of  the  2n(l  preliminary  tremor,  the 
motion  remaining  8pccialiy  iarge  during  the  next 


18">68*(2o^6.3min) 
Fendnlam  pariod= 17.6 flee.  ... 


34"'48^(2a=2.2miii) 
.15.5  fiee. 


Tlio  absoUitely  greatest  group  in  the  (NW — SE)  component 
ooenned  between  1"  7"  55'  and  1"  S*"  46*. 

Then  the  motion  became  smaller,  but  the  pendulum  oscilla- 
tions remained  still  adave  for  the  next 

28«  0*  (2a==3.2  idid)    |  13->  18-(2a=1.3  mm.) 

About  3  hours  after  the  commencement  of  tlio  eqke : — 

T  (ofpend.  oaoIiL)=17.6  mo.  |  16.2  see. 

BiMlolmotioii....4''22"45'  4" 46" 

11^:    MW-SE  Component. 
The  W,  motion  began  at  aMO^oO*.   Tlie  vibrations  dming  the 
sucocssive  epochs  being  as  follows. 

( i )  5"*  24*  Motitm  nctire T= 15.1  sec..  2a = 0.12  mm. 

( ii )   Motion  sinal]. 

(iii)  iS   ii  Motion  a  little  lurgrtr. 

(iv)  C^SS*  Motion  jtgaiu  active  :—T  =  18.1  sin-.,  *2«=0.12mm. 

(v)  4"  10"  Motion  Hnmll. 

(vi)  4'"  13'  Motion  slightly  Inrg^^r. 

(vii)  4"'  'M*  ^Motion  iK-tive  :  -T  r  18.0  see.,  2a  -  U.14  mm. 

(Tiii)4'*36'  Most  active  :-T~  18.0  sec.,  2a =0.27  mm, 

(\x)  4' 48*  SmaU. 

(x)  6"  16'  Verpr  small. 
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Then  there  followed  a  series  of  small  mux.  groups  at  an 
average  interval  of  4'"  18*. 

Wt'   JfB—SW  Component. 

In  tins  coTntMinent,  the  W,  vibration  contiimod  for  about  15" 
W,  the  motion  being  not  so  markod  as  in  the  other : — T-=21.3 
gee.,  2a=0.0Smm. 

(I'criods  of  vibyution.  The  rei»l  eui-tlKiuako  T's  are  thobe  in- 
(lic*itetl  in  tlie  1st  preliminary  tremor,  whose  mean  values  arc: 
T=3.7  sec.;  T=8.3sec.  (2a=0.08  mm,  NW— SE  component.) 
All  the  other  periods  given  above  are  due  to  the  proper  pendulum 
oscillation,  being  as  follows : — 

NW    SE  Component.  NE— S\V  Comix)nent. 

17.(i  sec  j  1j>.'^  i^H'. 

17.<;  i  16.2 

15.1 
18.1 

lao 

\  18.0 

The  mean  periods  for  the  two  component  pendulums  thus 

come  out  to  be  17.4  and  15.9  sec.,  respectively. 

The  following  tabular  statement  of  the  elements  of  motion  is 
taken  from  the  "BolleUino  dell*0s8ervatorio  Geodinamico  del 
CJollegio  alia  Querce  a  Frienze,"  A'o.  4,  1005. 


NE-SW  Gompaoent 


NW-SE  Gompoiifiiii. 


Tunes. 

T 

2a 

Timeij. 

T 

2a 

Ii      ni  « 

ni>n 

h      ID  « 

lura 

0  59  08 

3.5 

1.5 

0  59  08 

3.8 

1.5 

1  (H)  23 

1(5.1 

25.0 

1  tXi  23 

9.5 

19.0 

1  1»  54 

1(>.3 

38.0 

1  21  51 

17.7 

121.0 
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F.  Omori: 


NE-SW  Compcmeiit  | 

W-SE  Componeni 

Tinier. 

T 

2a 

Times. 

T 

Ii      m  « 

1  25  11 

15.« 

mm. 

57.0 

Ill 

1  "JS  lU 

■wr. 

17.6 

1 

mm. 

52.0 

1  35  21 

l(i.3 

38.0 

1   1  42 

18.<5 

!)5.(» 

2  ()-l  25 

1().4 

lo.o 

2  04  40 

19.1 

13.0 

3  25  21 

19.9 

1.5  1 

1    3  28  19 

17.2 

4.0 

3  49  28 

34.4 

0.3 

3  r>s  25 

17.5 

0.5 

4  22  43.. 

..(£iid) 

1 

1   4  45  00. . 

.  .(Eud) 

36.  Ximenlano,  Florence,  Italy.  Osscrvatorio  Geodioaimco, 
(Pbdre  G.  Alfani.) 

Gomitieiioemeiit=0"  58*"  33*.      Total  dnmitoti=4i'  12"*. 

The  foUowiu^  is  a  note  on  u  lithographic  ooi)y  of  tlie  rmwl 
{rom  a  Ti'omometrogmfo  Omori,  whose  insttumontal  constants  were 
as  follows :  weight  of  the  bob  ^150  kg,  period  of  the  free  oscil- 
lation=20  sec.*  velocity  of  (he  smoked  paper=100  cm  per  hoar. 

Isi  Prelimimwy  Tremor.  Tiic  motion  was  small  and  uniform  : — 
r=3.{)  sec. ;  r=y.t)  sec. 

2^id  Prdminary  Tremor,   r=8.7  sec.;  2*:=  16.8  sec. 

In  the  principal  portion,  the  record  consisted  ahnost  entirely 
rOf  the  proper  iK>ndnlum  osciUationB,  whose  T  in  the  two  horizontal 
components  were  17.1  and  17.2  sec,  respectively. 

The  following  list  of  the  times  of  occnrience  of  the  different 
phases  of  motion,  of  the  jK'riods  and  amplitudes  {unrcdticed  ranges 
of  actual  tracing),  is  taken  from  the  Bdletim  Sisimdogico  del 
VOaervaUmo  Xitnenimto^  N.  4,  1005.   Abbreviations : — 
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Microsisinogi-afo  Viceutiiii     :  i'auU^iuIo 

„  :  Vertical 

Tendoio  Omzoutule  Stiattein :  £W 

:  NS 

Tromomeirografu  Omari      :  NW^SE 

:  SW-NE 


mV 
EW 

:N.S 
:TN 
rTS. 


iDRlm- 
meutii. 

1         I  ' 
{Ibt  I'lvl 

Xmu.) 

II 

[2ix'\  I'nl. 
'£n!iu.) 

III 
Itti  pb. 

(rrinc.  rortion). 
'iD(l  pli.   3ni  pit. 

TV 
iTail.) 

End. 

mP 

h  ni  » 

Ii  in  A 

ii  III  « 

h  in  % 

h  m  ■ 

h  m  * 

1.06.12 

1.16.14 

ilGjOO 

aT 

1.124)7 

las 

o.sa32 

1.06.42 

Lt9.43 

VilM 

BW 

0.3&S5 

l.Oft.47 

9.0SJ0O 

SjOOjOO 

B.10J0O 

TN 

iX&JBfl 

1.19.17 

1.33.Sal 

amoo 

4.t 

TS 

1.06.32 

1,19,32 

1.33.37 

l.U  17 

? 

Period,  in  sec. 


iimp^itiMie,  ill  mm 


In&tru- 

I 

/latFnLj 
Tram.) 

II 

Trrai.) 

l8l 

pb. 

Hi 

•iud 
ph. 

ph.' 

IV 

I 

Trem)l 

Trem.  { 

III 
ph. 

3nt 
ph. 

IV 
dWI.) 

mV 

m 

? 

2A 

31.3 

35.0 

7,7 

IHA) 

1.1 
0.S 

l.ti 
u.O 
18.0 

%.5 

1,5 

_ 

2.0 

EW 

4.4 

lao 

IHIl 

17  7 

175 

li) 

7.0 

111(1. 

24  li> 

TN 

1  :}.u 
1  &u 

17  2 

IK  11 

If.;.) 

— - 

'lb  j 

ll  w 

10.5 

1  - 

1 

1  2U.0 

From  the  first  table  we  obtain  the  following  mean  values : — 
ISme  of  oommeiiceiit  of  tlie  earthquake =0^  68"  33" 

„  „         2iid  pi-el.  tremorsPo^^T". 


86.  lachia,  Italy.  (PI.  XII,  tl.r  Publicaiiaiis,  No.  23.)  K. 
Ofiservatorio  Goodinamioo.   (G.  Giublovits). 

H.  Xn,  the  PubUcationSt  No.  23,  gives  the  records  famished 
by  the  Gtablovitz  Horisontal  Pendulums  and  the  **  vasca  sismica  "  at 
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F.  t»inori: 


Port(3  (riscliia.  and  those  funiLslu'd  by  similar  iustrunK'iits  ut 
Gmmlc  Scntinijlltt,  Catkimicciola.  The  folJowiiiij;  is  »i  (leseription 
of  the  best  among  tliose  records,  namely,  the  NS  and  £W  com- 
ponents registered  by  the  borizpntal  pondtdums  at  Porto  d'Ischia. 
Time  of  commoncementsO"  oS"  56*. 

NS  Component,  Penduliiin  jx  i  iod  -13  sc*c.  hi  Preliminary 
Tremor  hiskd  7"'  18%  the  motin  being  small. 

2nd  PreLiminary  Tremor  began  with  active  pendulum 
oscillations  of  7^—13.3  sec.,  the  max.  (abs.)  2a  of  1.8  mm  occumng 
at  the  eommenoement.  The  motion  was  small  Ixjtween  1"  11"* 
and  l""  21"",  iiulicuLiiiy  tin-  pivtloiniiiaiiee  of  some  slow  movenients. 
It  became  modeiately  active  between  1''  25"'  and  -l''  3a"',  (2a=1.2 
mm,  7  =  12.8  sec.),  tkera  being  5  max.  groups  at  an  average  in- 
tciTal  of  2.4  min.  For  the  next  9*,  between  l**  35"  and  1"  44*", 
the  motion  was  small.  Then  took  place,  for  about  3.5  min.»  a  max. 
gmup  of  2a-:l.o  mm,  '/'^-:1;).U  sec. 

Thereafter  the  motion  mpidly  decreased. 

JEW  Component.   Pendulum  period=17  sec. 

let  Pr^nmary  Tremor*   Motion  was  small. 

2nd  Prdiminary  Tremor,  ete.  For  the  first  16  min.,  the  motion 
^vas  small.  Then,  at  1"  22'",  tliore  took  [)lii(.'L'  the  max.  (ubs.) 
group,  2a =2.8  mm.  7'^  10.4  sec.  ;  the  motion  eonthming  active 
for  14.5  min.,  till  1"  3 J"'.  Then  it  became  abruptly  small,  till  at 
1*^  47*"  there  took  place  a  max.  group  of  2a=1.3  mm.  ^Vfter  1" 
40",  the  motion  was  very  small. 

37.  iMibaeh,  Austria -Hungary. 
Er{ll)ebt"uwarte.    (I'rolVssur  Albin  lielar.) 
The  following  is  a  note  on  the  two  horizonUil  component 
records  furnished  by  Grablowibs-Belar  Horizontal  Pendulum. 
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IntlHiu  EartlMtmfce  of  1906.  n.  79 

Time  of  commencement =0''68*61*. 
Ixt  Prdimmry  Tremor*     DarationrrTf  17".     Motion  very 
small 7'=r9.3  sec. 

For  the  next  11  "45*,  tho  motion  was  woll  tleiiiicd  at  first,  but 
again  gradually  ck'oroased  : — 7'=0.*2  sec.  Then  took  place  the  max. 
group,  the  motion  being  active  for  the  next  21"*  30': — r=9.2  aec.; 
max.  recorded  motion,  in  each  component  ^16.4  mm  (unreduced). 
Thereafter  the  motion  became  much  smaller. 

Record  from  Vicentini  Sei8nu);^aaph  of  magnification =100. 

Time  of  vommcncement : — 

(EW)  res'* 48"  ) 

.    ^  .     \  Mean  l'"68"'4ti'. 

(NS)  1  58  44  I 


Duraikm  uf  I  at  pvelimimirij  tremor  : — 

(EW)   a- 

(NS)  


Mean  T"?". 

7    »  J 


38^  Anfttria-Hungar>'. 

K.  k.  llyiiiugiaphi.sclies  Amt,  Al>thcilimg  (Jeophysik.  (W. 
Kesslitz.) 

The  record  was  fumislied  i>y  a  Microsismogitifo  Vicentini " 
a  ire  eompcnenii^  of  magnification =91. 

The  following  description  of  the  seismogi-aph  is  taken  from  a 

note  kindly  eoiinnunicate<l  to  me  by  the  (itHipliysicuil  iX'partmcnt 
of  the  I.  li.  Hydioinaphical  Office, 
Vertical  eamponent:   No  indication. 
NS  eompwent : — 

()''  58""  4a\    ( 'ominenceinent. 

J.''  G"'  0*    Couimonconieut  of  rogul;u   useillntious,  AvhicU  lusttHl  tjlj 
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F.  Omoaf : 


l*>  <a()»>  30'.   liegnlar  osciUatiolM  Appeatod  ogain.  Id  a  aeries  of  short 

li>S3"6"  to  V92ri^.^A  eontinuons  aeries  of  ngnlar  cmiUatioitt. 

The  max.  2a  of  0.01  iinn  was  observed  at  1"  21"  0",  1"  25""  36*,  and 
1''29"'12*.    The  period  during  the  principal  pait  was  12 — 13  sec. 

End  of  motion.  I"a4'"r. 
EW  component : — 

0''68"'44*.  Oonimencemeiit  of  iiie^ului  i  ps  iuljiluiu  i  vibrations,  which, 
with  varying  intensity,  continued  till  1''1"'14*. 

jh  Qm  y«    2a --0.012  mm,  the  motion  then  deci-easing. 

1"  6"  55*.   jBogiimiog  of  regular  vibratioiMt  with  oocaaional  breaks. 

l**  18"  58".  Commetioement  of  a  oontiniioiis  series  of  Tibfatians,  oom- 
posed  of  two  ajstems  ol  waxe  moUon:  the  2a&z0.009 
mm  of  vegnlar  oscillations  took  place  at  PS?"  10*. 

At  iirst  2=  10  sec.,  later  on  2'=  12  sec.  From  1"  32'"  58'  to 
T'  50",  there  were  only  isolated  wave  groups. 

From  the  above  description,  we  see  that  the  duration  of  the 
1st  preUmmarff  tremor  w«h  as  follows : 

(EW)          7""  11" 


(NS)  7  18 


Mean  7 -IS". 


80.  Iriest,  Austria-Hungary. 

I.R.  Marine  Observatory.    (Professor  E.  Masselle). 

The  earthquake  was  recorded  by  a  V'ict'iitiiii  niici-oseismograph 
and  also  by  a  Rebcur-Ehlort  horizontal  pendulum,  • 

Vicetitini  Microseismograph.  The  following  analysis  is  taken 
from  an  original  note  kindly  communicated  to  me  by  Professor 
Mazelle, 
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iDtliitA  EnTtluitinkp  of  I'M,.   11.  81 


Time  aud  ani))litiule. 

\'ertical 

NSCoinpoueiit.  .EW  (,'oiiipoueut. 

Itegmniug  ol  long 
End 

a  58  55.7 

0  59  25.7 

1i       in  n 

1  U  5.3 

n  58  43.1 

0  59  49.1 
0.7  mm 

h      Ml  * 

1  5  43.1 
1.0  mm 

2*31"» 

Il       III  A 

0  58  44.9 

1  01  8.9 
0.8  mm 

obHciiro. 
0.5  mm 
2^0(1'" 

(*  The  mnplitadft  is  giroii  is  aetool  mm  of  the  vseanl,  not  (UTfct«i1  bj  the  lOdttiplkntiOD 

nUio.) 


The  duration  of  tho  1st  pi^eliminaiy  tromoi*  was  ; — 

VorfciciU  7"  lO* ;  NS  Comp.  7"  0* 

RpheiiT'WeH  Honsmtal  Pendulum.    The  record  was  tiikon 

photogiupliically,  tlicrc  being  tliree  luH-izoiitiil  components  as 
follows : — 

(A)  la  the  direction  EW;  (B)  WtiO^N ;  (C)  W(»O^S. 
Time  of  occun-oiice = 0"  nS"  50*.  Total  durations 31"  (Pendulum  A). 
The  preliminary  tremor  was  not  clearly  indicated.  Its  dm*ation  was 
about  8**  14'  (Pf^ndnhiin  A).  Tho  first  active  fri-oup  of  motion  lasted 
MS  follows  :—{A)  Vi'covd  too  faint:  (B)  ()!'"  (in  the  last  2il.'J"\  motion 
smaller  and  unifonn) ;  (C)  5y.*J"'  (especially  largo  for  the  lirst  38"'). 

Then  the  motion  became  much  smaller,  and  nearly  nniform  : — 
(4) Record  too  faint;  (B)  for  24.3'";  (C)  for  24.0"*.  Then  the 
motion  became  a<^ain  smallci-  and  nearly  constant : — (D)  for  21.8"'; 
(C)  for  20.:r".    Tliereaft<'r  the  motion  was  very  small. 

What  seems  to  conuspoud  to  the  motion  occurretl  in  the 
(A)  pendulum  register  at  3"  IS"*  '>r»".  Later  on  there  appeared  in 
the  3  components,  especially  in  Pendnlnm  (A)  register,  a  small 
maximum  at  a"  51"'  20". 
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40.  Manila,  IMiilippinc  Islands.  (PJ.  XIII,  the  Fubllcations, 
No.  23.)  The  Philippine  W  eather  Bumiu.  (Director,  l\  I.  Algu6, 
S.  J. ;  Assitant,  M.  Saderra  Mas6.) 

The  record  was  furnished  by  a  Vicentini  Mieroseismogiapli, 

of  the  follow  iiiir  sjH'cilications  : — 

Lt'ii<j;t]i  of  (lie  p-iidulum  —  1 .5  luotros. 

Wt  iV'lit  <>(  the  l>obr-.l(Ht  kg. 

I'oiitxl  of  free  o3cilliitiou=:-.  f  soc. 
Time  of  commencement =0**  r>8"'  'ir>*.    Total  duration,  more 
than  2  hours. 

Tho  two  horizx^ntfll  componontn  were  set  up  in  the  directions 

iVSff'MNM  {Jofiiponent*     \      NH'jr-8£S  CwmponenU 

l»t  Pirelimhiartf  Tremor. 


Duration  .(»"'  4i\* 

Motiou  KMinll  for 

the  fii-Ht   17* 


For  the  next  4  min.  the  record  consists  entirely  of  pen<l. 
oscillations  of  r=2.55  sec. : — 

*Max.  ^  19.5  mm.     |  18.0  mm. 

During  the  last  2™  27*  of  this-  portion,  the  motion  was  small. 

2ild  Pt'i'liminavij  Tremor. 
Ihwation   ?  |  S^lOr 

The  peinliihim  oscillation  was  six^cially  hirjro  during 


Mas.  2a  14.8  mm 

T 


31.0  mm 
2.7  aec. 


*  Tliesc  anil  BtihsMprDt  vninrs  of  mnx.  2a  in  the  Manila  dingrAin  aie  tho  actual  rtading*, 

or  tbotic  uot  iliviikcl  by  the  miUti]))iciUiou  mtia 
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lut  and  2nd  Phases,  Pnneipal  Portion, 
Duntioii....  —  I  6"10* 

III  tlda  portion,  the  pcndiiliiin  08cillution  greatly  dimiiiislKHl : — 


Mux.  '2a  2.9  mm 


2.0  mm 


riopor  ciuUiquaku  motiuu  : — 

|T.  U.3flec. 

[Max.  2a  ....  4.0inm 

(T.   7.8  sec. 

Max.  2tt  ....  2.0 mm 


j  8.2  sec  fneaift  8.0  sec 

(3.0  mm. 


Theruuftcu'  llm  quick  pciiU.  osoiliuUuiu>  cujupk'icty  di&>appcurcd, 

5/y/,  etc.  PhoKCS,  Pr'nicipal  Hnifhni. 

Motion  active  and  nearl}'  coubtunt  for  tiie  lliiiit 

19*  32':— 

(  9.:{sec..., 
[Siuall 
i2,»S  sec. . . . 
mm 


18«35»:— 

T   9.5  sec. 

Max.  2a  ...  .  Small 

(T  12.7  Hcc. 

(Max.  2'i  ....  oA  mm 


t  5.0: 


.mean,  9.4 sec. 
.  memi,  12.8  sou. 


The  max.  motitm  wciimnl  at  alx)ut  1'' 20"' J ')". 
During  tiie  next  13  m,  tho  motion  was  much  smaller,  but 
nearly  constant,  as  foUows: — 


Duration.. .  .18'"  ;iO* 
Mas.  2a  ... .  1.9  mm 


.  .  12'"  46* 

( 10.7  sec.  mean,  11.B  sec. 

\  1.8  mm 


Tlicreafk'i*  the  jnotiou  giudually  diminished. 

At  about  2"  20'",  there  wore  some  very  slight  motion : — 

T.  16.6  sets.  17.8  sec.  mean,  17.2  sec. 
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This  may  cunvs|K)iMl  tu  the  motion. 

At  3''  tliore  \vm  still  »omc  trace  o£  vibmtioiiK. 

41.   Jtocea  di  I'aptu  Italy.    (IM.  XIU,  the  J'nbUcdtlons,  Xo.  23.) 

1{.  ( Ks.sei vatorio  tit'odiiiainico,    (I'rof.  AjxiniRuiioue.) 

The  ft)Uowmg  aiiHlyrtiK  uf  the  record«i  obtained  at  liocca  lU  I'apa 
fitmi  the  Micmsitsmometixjgrafo  and  Vcndolo  OrizKontalu  has  been 
imtde  un  a  litho^^iapliic  repi'oductiou,  published  by  Professor 
A<i:anR'nn;)iie. 

{  i )   Mici'os^iritnometi'ojsi'afo  *•  Aijamcniioiiuc  " 
MaxK  of  the  1wU=5()Ukg. 
•  r«ruKl  uf  iieudidnin  i>HeiUatiou=4.2aec. 
Multi])licikiioH = 70. 

The  two  hori7iOiit«l  components  wei-e  set  np  hi  the  directions  of 

.\\V    SE  and  NK  SW. 

Tiiiic  of  lomuieiKonieiit  -  0'' 5S"' 51*. 
Total  diuatiou,  uiorn  lluiu  1^''. 

Tlie  motion  began  with  very  small  movementis,  beconiing 
well  delnied  after  woe.  During  the  Ih'st  12'"  7%  tlie  vibmtions 
were  due  to  Ihc  j)endidu?n  oscillation,  of  T— 4.2  sec.  and 
2jr8— O.UD  and  O.Kinini  rcspwlively  in  NW  and  XE  ('»>niiKnieut*i ; 
the  motion  being  much  greater  iu  the  latter  than  in  the  former* 
diix'ction.  The  fii-st  7*"  18"  of  this  eitoeh  may  pi-olmbly  Ikj  taken 
as  tlic  1st  prelimimiry  tremor,  the  raraaiiiiiig  4"*  4{)*  indicating  a 
much  <^ix'utei-  motion. 

Fur  the  ne.\t  O  '.jS',  thu  uiutiun  l»ecanie  sniuUcT,  <>ii  Jiceoiuit 
of  the  aljsenco  of  largo  pendulum  oscillations ;  the  amplitude  vg- 
maining  on  the  whole  cotisttint : — 

(  2a=a034miu  (N£) 


Uiyiiized  by  Google 


1    =0.021  (^W) 

For  the  next     50\  tlievc  appeared  slow  vibrations  : — 

_  f-2a^  0.017  miiUNK^ 

r=38.0jwe  

1  „  =-0.017  „  (NW) 

These  woi'c  mixed  with  Hmail  movements  of  T=:8.U  sec.  J^'or  tlie 
next  9"*  58%  the  motion  was  neaiiv  iiiiifonn  and  active : — 

T-- 19,0  sec.,  'io    (>.03(»  uiiii,  iu  eucli  coinpoueut. 

„  =  a.'ltmi.,  „  siiihII. 

^  {2«=0.(».i<i  Jam  (NK) 

„  =11.8  aec  \ 

l«=(M«    „  (NW) 

For  the  next  15*"  55%  tlie  motion  was  small  but  more  or  less 
distinct : — 

2a    (Mhil  luiit  (NK) 
„  -0.014  (NW) 
„  —  lU.Taet'.,  (HUiall). 

Towards  the  very  end: — T=  13.4 sec. ;  22.1  sec. 

ill)    LVink>lu  Orizzontulc.  XS  L-ompoiieut : — 

jWt'iglil  ui  iht)  huh-W  kg. 

■!1\mkhI  of  |v,«ii(liiluni  <>s<-iUuiiou=27.2f90u. 

(Muliiplicatriuu.    Natuml  aisae. 

The  iiiotiun  cuutjisteil  simply  uf  the  puiKluhuii  uscillatioiiri 
thruui^liout. 

43.  Cotaba,  Bombay,  India.    (PL  XIV  and  PI.  XX,  the 

Publkatiom.  ^'u.  23.) 

The  Government  Observatory.   (Director,  N.  A.  ¥,  Moos.) 

The  following  very  complete  note  on  the  seismic  observations 

ut  Coluba  has  kindly  been  furuishcd  l)y  Mr.  N.  A.  Y.  Muos. 


T =16.1  sec. 
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Seirtniic  llueunl. 


IllstlUtlHJllt. 

P.  T.  cotii- 
ineiM^d  at 

Iju^r  waves 
cuiiiiaeuceil  at 

^laixiiunm. 

Millie  .Seisiiu^mpli. 

Il      III  « 

r»  44.1  — 

Il  ni 

it  47.5 

CuIuImi  Seisimij^ijiph. 

"»    44  24 

5  48.1 

(\>iiiiueucei1  at 

il  tn 

5  44.H 

Il  in 

r,  40.1 

lialauee  llecord. 

r»  44.8 

r,  49.4 

l^R)gnipli. 

Col  1 1 11  le  uce  1  n  e  11 1 . 

Maxiiiiuiii. 

Il  1)1 
5  48 

It  III 
5  49.4 

!nHi 

(M)2 

Tho  alMjve  Uiblcs  give  a  summary  of  the  times,  etc.,  at  which 
the  various  instruments  were  aflW-ted  hy  the  tUsturlianee.  The 
time  given  is  15.  M.  T.,  to  convert  wliicli  into  (J.  M.  T.  deduct 
4"5r"i:).7\ 


Fig.  C.    Iteiognipb,  nbuwing  the  £<i.  offect.    Cukibii,  Itombny. 
(ITie  times  ntc  in  G.  M.  T.) 
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"  Tliti  preliminary  ti-cmors  of  the  «;reat  seismic  ilisturlmiioc 
which  occurred  on  the  4th  April  last,  were  picked  up  by  the 
MiJne*8  SeiBmograph  at  about  5''44.1"'  (Bombay  time)  and  by  the 
Colaba  Seismograph  (X— 8)  at  5**  44"*  24*.  There  was  a  short 
temi^ii-ary  hill  after  the  airival  of  the  j)i'eh'minary  waves — ^more 
clearly  indicated  by  the  o[x^n  diagiam  of  the  Colaba  Hei<«mogmi>li 
— and  the  laiger  waves  followed  3.'"4  later  as  reojistered  by  the 
Milne*M  and  about  3*"  37*  Inter  as  recorded  by  the  Colaba  Scismo- 
grapli.« 

**  Colaba  Seismo^i^ilip  Xo.  1  (E — ^W)  was  nnfortnnately  writ- 
in<j  very  faintly  ami  was  displaetnl  by  the  first  shock  of  the  larger 
movements  and  the  record  is  incomplete. 

It  is  somewhat  difficult  to  lix  the  ^xact  time  of  oocurrenee 
of  the  maximum  movement  aocnrately  as  all  the  traces  marking 
this  phase  are  more  or  leas  bhirrwl  on  account  of  the  violence  of 
the  movement,  exce|>t  in  one  of  the  records  of  the  Vertical  move- 
ment Seism()«(raph.    In  Mihie's  »Scismogmph  tiie  traces  overlap. 

Both  the  seismographs  fi)r  i^ording  vertical  movement  have 
given  fairly  good  rocoixls.  The  '  float  *  i^eooixl  indicates  the  com- 
mencement of  the  movement  at  5**  44.'"8  and  the  maximnm  pliase 
as  am  be  approximately  asceiiiiined  (the  tiac*'  is  blurred  on 
account  of  the  violence  of  the  movement)  at  5"4ii.  r'.  This  phase 
as  also  the  commencement,  both  of  which  ai-e  clearly  shown  by 
the  *  Balance  *  Seismograph,  aro  recoitled  exactly'  at  the  same  time 
as  the  former.  In  the  latter  I'ecowl,  however,  five  distinct  distnr- 
l)an('('s  with  intervals  of  hill  are  recordfMl,  the  time  of  th<»  fomth 
— the  lar<rest  movement  eoriesi^mding  w'tli  tli;ii  of  the  maximum 
phase  as  indicated  by  the  *  float '  i^eeord.  The  larger  movements 
of  the.  disturbance  continued  to  aflect  the  Vertical  motion  iSeismo- 
gra pits  for  abont  80  minutes.  The  trace  then  runs  normally  smooth 
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F.  omori : 


till  U'r*l.:j''  when  tho  'float'  rooord  af^iin  >liows  iiiiotlicr  distnr- 
banco  but  of  much  smaller  majrnitiidc,  whifb  attaiiiod  its  maxinnun 
at  6'.32.8"*  and  ended  at  6"  37.0^  Yet  a  thiixl  diBturbanoe  of  stili 
smaller  ampUtnde  commenced  at  6"  45.5"  and  ended  at  6^  47.1". 

"Tho  flistnrbanee  as  picked  up  by  the  Barogi'a|)h  shows  the 
commoncemont  at  5'' 48",  tin*  maximum  fHeet  Imvinj;  been  re«;is- 
toml  in  tliis  instnuuont  at  5''  40.4'",  Tho  ohanjio  <hio  to  tlie  oscil- 
lation in  the  column  of  meronry  coiTcsponds  to  a  fall  of  .02  inch. 

**  The  pulsation  and  after  ti^mors  of  the  convulsion  as  noted 
by  tho  soismo^najiljs  continued  for  about  four  honrs,  the  last  smaU 
lest  heiu}^  nottU  at  about  lo  hours." 

48.  jPMMOam,  Germanv. 

T?oyal  (Voflotic  Institute,  (Director,  Pmf.  Dr.  U.  llelmert ; 
Obser\er,  Vrot       ().  Hecker.) 

Photographic  recorrls  from  a  pair  of  hoWzontal  pendulums  of 
Rebcur  type*  constmctcfl  by  P.  Stiickrath,  the  magnification  being 
30.  The  apparatus  was  furnished  witli  air  damping,  wliosc  coef- 
ficient was  2J). 

Time  of  commencements  0''  fyS'"  4(r.   Total  duration =5  hours. 

(  /)    EW  Component,    Pendulum  l*eriod=  Hi.i  sec. 

Isi  Preliminwy  Tt'euior,  Duration =7"  16\  The  i^ecoi-d  con- 
gists  of  tiie  pendulum  oscillations  mixed  with  tlie  following  vibra- 
tions : — jr=5.4  sec.,  2(i=0.12  mm. 

2nd  PreViminuiy  '/'rcmor.  Principal  Portion,  and  hind  Portion. 
For  tlie  firat  4™  42*,  the  motion  wliicli  was  greater  at  the  com- 
mencement, consisted  of  the  following  two  sets  of  vibrations: — 
r=2«.9sec..  2a=0.34mm;  r= 4.7  sec.,  2^=0.18  mm.  For  the 
next  3"  40%  the  motion  was  regular,  the  greatest  movement 
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oocaning  near  the  comtnencement: — ^7*=  2 1.3  sec.,  2a=0.37]nm;  T 
=4.4  sec.,  2a=0.24  mm.   This  epoch  probably  conesponds  to  the 

1st  phase  of  the  principnl  i>oi  tion.  The  vibrations  in  the  next  3"* 
11*,  which  may  coiTespond  to  the  2nd  phase,  was  as  follows; — 

( i )  2<"  10<  3  TibzatioiiB,  of  T=:4S3 sec.,  2a=0.47  mm. 

(ii)  1    1  2       „     ,  „  ,,=80.6  „  ,  „  =::0.88  mm. 

Those  are  mixed  with  the  following  two  sets  of  motion: — 
r=  7.7  sec.,  2a=:0.33mm;  r=4.0sec.  Then,  at  l''17'"29',  tho 
motion  became  much  larger,  the  vibrations  In  the  successive  epochs 
bdng  as  follows. 

(  i )   o'"  10'  Motion  comparatively  small 

(a)  l'"68*  2'=39.5see.,  2a=1.28mm. 

(h)  3  12  =19.2  „  ,  „  =0.86  „  . 

(ii)  3"*  17*  Motion  lai^:— 7=16.4  see.,  2a=2.6  mm.  TIiib 

was  due  evidentlj  to  the  pendnlnm  oaaillatioiL 

(iii)  11<"  25'  Motion  on  the  vliole  constant :  -  7=14.4  sec, 

1.18  mm;  7*=:20.0mo.,  2a =1.0  mm. 

(iv)  17'"4()*  Motion  small  and  nearly  constant: — 7*=:=  15.8  sec., 

2a  =  0.57  nun. 

(v  )    1.5™  SO*:— T-.  15.1  Htx-.,  2a=(>.3o  min  ;  2^=24.1  sec. 

(vi)  13'"  ar/:— 7'=  18.5  sec,  2a  =0.24  mm. 

(vii)  16"'24*:— ^=17.3800.,  2a=0.I4mm. 

Thence  the  motion  <,midnally  decreased. 

Those  periods  given  above,  wliich  varies  between  14.4  and 
18.5  sec,  are  that  of  the  pendidum  oscillation.  They  give  the 
mean  value  of  16.2 sec.,  as  follows: — 

2^=16.4  see.  ' 
14.4 

16,2 

15.3 
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f  .  Oman  z 


15.1 
18.5 
17.3 

W,  The  W,  motion  began  to  appear  at  S^^C'Sl':— 7=20.0 
sec,  max  2a  =  0.13  mm.  At  3''  25™  3r,  the  motion  heramo  distinct- 
ly larger,  there  being,  for  the  next  4""  4*,  tlie  second  greatest 
(abaolate)  maximum: — 7'=:24.4  sec.,  max.  2a=0.l8  mm.  For 
the  next  34"  20',  the  motion  indicated  on  the  whole  very  s%ht 
variation.  Thereafter  the  vibrations  became  abrnptly  small :  max. 
2a  =  (i,0b  iiiiH. 

(//)   N8  Cofupoaent,   rentUiinm  period  =  14.1  sec. 

Ut  FreUmmary  Tremor.  Duration = 6*"  5S*.  The  record  is 
very  obscure. 

2nd  Prdmmary  Tremor,  and  iuJbseqttent  pha*fs.  The  follow- 
ing well  defined  vibration  occuired  near  the  cdminencement : — 
7'=  13.8  sect.,  2fl=0.()7mm;  the  motion  tlience  decreasing  almost 
to  zero  at  m'"29'  For  the  next  8"'50*:—r=  11.0  sec..  2a=0.55 
mm.  Then,  at  1^  17"  39^,  b^n  lai^e  vibrations.  For  the  next 
18"  55': — ^7*=  55.2  see,,  2a=1.56mm.  Thereafter  the  diagram  con- 
M^sts  entu'cly  of  the  penduhim  oscillations  : — 

Average  period  (dediiccxi  from  100  vib.)=14.l  sec. 

Wt  appeared  distinctly  first  at  3**  40"  16*;  and  consisted  of 

the  vibrations  as  follows: — 7'=17.8  scm3.,  2a=0.08  mm.  The 
motion  continued  altogetlier  for  an  interval  of  20'  2u'.  Towards 
the  very  end  : — ^2'=:  16.6  sec. 

44.  Gattingen,  Gemmiy.  (Pis.  XV  A  and  XV  B,  the  Piu6it«a- 
ihnt,  No.  23.)    B.  Geophysical  Institute.   (Prof.  Dr.  E.  Wiechert.) 

The  record  was  famished  by  Prof.  Wiechert's  Astatic  Pen- 
dulum, with  damping  airan^^'emcnt,  the  mass  being  1200  k^.  The 
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indicator-magnification  was  160,  the  proper  pendulmn  periods  in 
the  £W  and  NS  components  being  15.3  and  15.7  sec  respectively. 
Time  of  Gommenoement=0''  58"  55".   Total  Daiatioxi=4''  40".* 

(i)  EW  Component »   Pendulum  period =15.3  sec. 

The  motion  indicated  in  the  diagram  was  very  large  and 
ttiuse<1  some  eoiifiisit)ii  of  tlic  record  from  the  snpciposifcion  of 
successive  lines,  sucli  that  it  was  impossible  to  find  out  the  parts 
corresponding  to  the  2nd  prehminary  tremor  and  the  1st  and  2nd 
phases  of  the  principal  portion. 

Ut  Ptdimmri/  Tremor.  Duration =7"  25'.  The  movements 
in  tlic  successive  epochs  of  this  portion  were  as  follows. 


(i)    2"»  C... 


r  T-  4.3  mo. 

„=iao  „ 


2a=8.4  mm. 
n  =8*8  M  . 


The  vibrations  of  the  last  sort  were  those  due  to  the  pendulum 
osciilationB. 

4.4  aeo.;  2a— 5.8  mm. 
—117      •  —70 

(iii)  1"36*  The  moiton  consisted  of  peodnlam  OBoillatioiis 

Ts=17.38ec.;  2a =14.0  mm* 


(ii)  a-so*.... 


Principcd  Porto ni.  During  the  firstly  min.,  when  the  motion 
was  greatest,  the  vibiutions  were  as  follows : — 

rs9.3  see. ;  2a =113.0  mm. 

For  the  next  15  min.,  especially  during  the  tirst  2 J  min,  the 
motion  remained  active  consisting  of  huge  pendulum  oscillations, 
as  follows :— r=16.4  sec.,  2a=:102.5  mm. 

End  Portion.    Towards  the  veiy  end  of  the  earthquake  motion 

*  The  rango  of  moHon  (^)  b  gjiTan  in  Mtoal  itab  am  tnoed  m.  the  dtagmiiM,  not  divided 

by  the  mulUpliattigu  rtOio. 
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F.  OiDoii: 


the  i>oriod,  each  dedncod  from  40  vibrations,  was  as  follows: 


The  aveiage  value  of  the  proper  oecillation  of  the  pendulum  m 
the»EiW  direction  comee  out  to  be  17.3  sec. 

{{{)  XS  Component.  I'ciululum  i>t'ii()d  =  15.7  sec.  The  NS 
component  record  is  clear,  aud  the  different  phases  of  motion  can 
be  identified. 

Iti  PnHminary  Tremor.  Durations:^?"'  8\  The  motion  was 
nearly  uniform  and  consiBted  of  the  following  two  sets  of  vibra- 
tions :— ' 


2iid  Preliminary  Tremor.   Duration^?"  40*. 

1T=:18.4  Bee,  2(1=34.0  mm ; 
„=iaa    ,  „  =26.0  „ 

Prvncipal  Portion,     [Ut  mid  fnd  phases*']   Duration =6"  36'. 

During  tlic  first  4'°  r>rr,  tlio  motioii  consisted  of  the  folluwiiifz  two 
sets  of  slow  vibrations,  mixed  with  Rome  pendulum  movements  : — 

I  (i)  J?ot2«'25':  7=48.3  880.,  2a=47.0mm. 

1  (ii)    „  2  24  :  „=36.0  „  ,  „  =55.0  . 
During  the  remaining  1"  47\  the  motion  became  very  large,  the 
period  again  qnickeningr  slightly  : — 7*=:30.6  sec.,  2a=109  ram. 

[^iyrd  2>h<-isc.}  i)ui-ation=5'"  55".  The  motion  became  quicker 
and  largo : — 


For  the  next  5"  35",  the  motion  was  smaller,  but  still  active : — 


(  7=8.5  sec.,  2o=4.0mm; 


»» —  ^••^  »»  »  » 
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For  the  next  13*"  20' 

IT=  9.5  sec,  2a=67  mm. 
„=14.1  „  ,  u  =69  „  .  (pend.  asoQLitioiL) 
Eiui  Portion.   The  period  towards  the  end  of  the  earthquake 

watj  us  follows  : — 

ii  hours  after  the  cotaiueuuemeut  of  £qke.,. . . .  T=:17.8  hoc. 

Wu  In  the  tMul  portion  of  the  IK,  motion,  the  mean  period 
-was  17  sec.  At  '6*"  20*"  there  began  the  motion  consisting  of 
slow  vibrations  of  7^=25  sec.,  the  latter  decreasing  to  20  soc.  at 
3"  32"\  After  a  series  of  max.  and  min.  groups,  a  large  motion 
of  2a=0.07  mm  is  rcuchtd  in  the  EVV  component  at  3''  45".* 


The  following  tabular  statements  of  tlie  results  of  the  observa- 
tion is  taken  from  Mr.  G.  Angenheister's  paper:  ''Seismischo 
Begistrienmgen  in  Gottingen  im  Jahre  ld05,"t 


Phase  of  motion. 

1 

Times. 

1  *• 

Aoednmtion  (miWigul) 

EW. 

EW 

Coitiiuuiietimeut. 

ii    III  « 
I)  58  55  , 

I  1-4 

50 

5 

i 

20-25 

40 

•  0.2 

Slid  Pi-el.  Ti-emor. 

1  06  08 

15 

2lH) 

2 

10 

'  15 

'  140 

«() 



1 

1 

Maxiinnm  (N8). 

1  11)  00 

10 

400 

(KK» 

H 

12 

Miuimiim  (EW). 

I  22  00 

10 

700 

700 

u 

14 

Tail  (End  Poorekm). 

17 

End. 

5  40 

*  Thu  temark  on  U',  in  bwud  ou  »  uotu  given  in  Mi.  G.  Angcnbc^uilur'si  SeisaiiHche 
BflgUiiataBgm  in  GBttiiigra  tm  Mm  m." 

t  Nnrbrichtcn  cler  E.  <1fiiiiHmtiHft  dtt  WiiHiDaehBltflii  zn  GflttiqBMi.  UkUiMnotiigli-plvnl' 

kiOischo  Ehsue,  1UU6. 
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4$i  Leipxig,  GorniHiiy.  Ei'dlK'bcnstiition.  (Dirtftor,  Prof.  Dr. 
Crodner;  Observer,  F.  fitzold.)  Wiechert*s  Astatic  Pendulum 
SeiBmograph*: — 

* 

Pendulum  weiglit=:110U  kg.  Iiidicaior-Multiplicatiou=250. 
Penduluui  period  =9.2  see. 

Time  of  Commencement =0"  68'"  44'.   Total  Dumtion=2''  OS."" 

(i)  EW  Cktmponem.   (Fl,  XiV,  the  FHbiicatiatus,  No.  23.) 

Ui  Pr^minary  Tremor,  Duration =7"  06".  The  motion,  which 
is  much  more  pronounced  than  in  the  NS  component,  hcgan  very 

gradually;  the  quick  vibiatiuius  iModoiniuating  during  the  first 
4"  25  sec.  The  ixiriod  of  slow  movements  was  2'=  10.7  sec. 
The  end  of  this  phase  was  not  well  marked. 

2nd  PfeUminary  Tremor,  Duration  ^7*"  48".  For  the  first  3"" 
06%  the  motion  was  almost  similar  to  that  in  the  latter  part  of 
the  1st  iMcliminary  tremor,  consisting  of  small  quick  vibmtions 
mixed  with  slow  ones  of  7'=  10.0  sec.  Then  there  api)ea red  some 
slow  vibiutions»  mixed  with  others,  as  follows : — ^T— 48.0  sec,  2a 
—3.0  mm;  r=9.4  sec.,  2a=1.5  mm;  7*— 16.2  sec.,  2a:=2.8  mm. 

lit  and  Slid  Phmesy  Principal  Portion.  Duration =8"  07*.  The 
motion  began  with  two  slow  vibrntions  : — 7'=4*,).2  sec.,  2a=3.0 
mm.  Then  there  followed  5  gradually  increasiirg  vibrations: — 
r=29.7  sec.,  2a=:11.6  mm.  The  remainder  of  these  phases  con- 
sisted of  8  vibrations : — 7=20.4  sec.,  2a=10.0  mm.  The  super- 
posed vibrations  were: — 7=9.2  see.,  2a=28.0  mm,  this  latter 
max.  movement  having  occurred  at  0"  23"'.  \8rd  phase]  Vov  the 
lirst  4  '  oo\  the  motion  was  most  active,  tiie  max.  vibmtiori  having 
occurred  at  1'  23™  00" r=0.l  sec.,  2a=88.0  mm;  r=29.l  sec.  (?). 

*  In  Uw  foUowiog  aoaljtas  of  the  ueuuaa^mou,  2a  is  ghr«ii  in  tiie  natainl  nw  oC  tlw 
SBOord,  not  dividedl  It  the  mnltiiiiliaition  rotia 
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Tlie  subsequent  motion  was  smallci' : — '/=0.0  sec;  12,0  sec.; 
21.5  see. ;  24.3  sec. 

(<l)  m  Component.  (Pl.  XIV,  the  Pmicalwi}»,  No.  23.) 

1st  Prdimimry  Tremor,   Qaick  yibratioBB  were  mixed  ^sntli 

slow  ones  of  periods  7^=4.3  sec.,  7'=  7.9  sec, 

2nd  Preliminary  Tremor,  Duration  — T""  25'.  Tlie  commence- 
ment o£  this  phase  was  clearly  marked  by  the  appearance  of 
slow  lai^e  vibrations,  which  were  only  slightly  shown  in  the  EW 
component.  The  first  vibration  was  : — 7=38.0  sec.,  2«=8.5  mm; 
mixed  with  smaller  ones  of  7^=9.5  sec,  2rt  =  10.5mm.  For  tho 
next  1"  50',  tlie  motion  was  small: — 7'=l-i.0  see.  2rt=1.4  mm. 
Then  at  1''  08"'  48%  there  began  again  slow  vibi-atious,  the  hrst 
two  of  which  were  well  defined : — Ts=46,9  sec.,  2cr=7.0  mm. 
Towards  the  end  of  this  phase: — 7*=: 4.5  sec.;  7*=  13.1  sec.,  2a= 
4.0  mm. 

Principal  Portion.  This  phase  began  at  l**  IS**  31".  For  tho 
first  26%  the  motion  was  small  :~r=9.7  sec.,  2a=U.O  mm  ; 
7=36.0  sec.  For  the  next  1"  23%  the  motion  was  larger  :-^7= 
8.8  see.,  2a =37.0  mm ;  7*=  37.0  sec.  For  the  next  7""  45%  the 
motion  \vas  most  active,  commencing  at  1*  18"  25*  with  2  large 
vibrations: — ^7^=8.0  sec,  2tf  =  r)7.0  mm  ;  mixed  with  slow  one  of 
2=20.3  see.  The  2nd  max.  2ft  of  59.5  mm  occurred  at  l"*  ^S"* 
04%  and  during  the  interval  between  these  two  epochs,  there 
were  7  suh-maxims,  the  fii-st  G  of  which  occurred  at  nearly 
regular  intervals  of  1*"  18*  (avera^re). 

Fur  the  next  5'"  2;V,  thv  motion  was  smaller: — 11.0  sec., 
2a=27.5  mm ;  r=22.7  see.  For  the  next  4'"  45%  the  motion 
became  again  smaller: — 7=21.6  sec.,  2a=14.0  mm.  The  sub< 
sequent  motion  was  still  smaller : — 7=22.8  sec.,  2<i=8.0  mm ;  7 
=9.3  sec. 
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The  followiii"^^  tabular  statomeut  of  the  elements  of  motion  is 
taken  Ironi  Mr.  F.  Etzoid's  0th  Jieport  on  the  Iieipsic  St?ismic 
Obser^'ation.* 


Pliane  of  motiQii 

1  TimcM. 

{ 

T. 

2a  (NS) 

2a  (EW). 

Comtnenoetnent. 

1  O'' 

58* 

44" 

1 

1  SCf.j 

4 

4-8'* 
7 

4-10  •* 
11 

2utl  l^i-el.  Tremor. 

1 

05 

r.. 

12 

(m- 

1 

OH 

48 

oa.Q5 

930 

Long  Wavps. 

1 

IH 

'M) 

FMmttieiit  Vibx»tioii(£W). 

1 

23 

05 

13 

600 

(NS). 

1 

18 

27 

9 

211 

(EW). 

1 

26 

66 

12 

218 

(NS). 

1 

23 

14 

12 

322 

(NS). 

1 

25 

58 

10 

266 

Tail*  or  End  Portion. 

24-8 

End. 

1  ^ 

06 

15 

4&   Upsala,  Sweden,   (Pi.  XVX.  the  Publicatkms,  No.  23). 
Meteotological  Observatoiy.  (Director,  Prof.  HildebrandBson. 
Observer,  Filip  Akerblom). 

Wiechert's  Astatic  Pendulum  SeiBmojxraph*: — 
Weight  of  tlie  heavy  masa^lOOO  kg. 
Imlieatoi -Mtiltiplication  =235. 
PBudulum  period =alx>nt  9Bec. 
Helaxatiou  tiine=aboat  6  eee. 
Commenoemeiit=0''  58*"  22*.  Total  Duration=S''  T", 

(4)  XS  Component, 

ht  Prdiminai'y  Tremor.    Duration =6"'  51".   The  motion  began 

*  B^richte  dtt  Mtttlwinfttiw;h-phy«UBJi8cheo  KluM  dor  kSnJglkb  rilolMiiMlwa  Oanh 
liebnft  dor  Wia»CD»chnftpTi  7.n  Lpijtzig.  LVHI.  Rnnd. 

*  'in  i»  givou  in  tlic  nntuTAl  loiuliAg,  not  lUirulod  by  the  ianlti|)licatioii  ratio. 
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with  very  eunall  bnt  distinct  vibrations  of  7=5.2  sec.,which  in  35 
sec.  gradually  reached  a  max.  2a  of  8.6  mm.  At  first  there  were 
also  some  small  quick  movements. 

For  tlie  next  1"  34'.  the  motion  was  small  :— r=  0.5  sec; 
7^^2.5  sec.  Then  tluTo  took  placo  the  2nd  max.  <ironp,  consisting 
of  2  conspicuous  vibrations,  as  follows: — i'=5.0  8ec.,  2a =19.0 
mm.  During  the  whole  remainder  of  this  phase,  the  motion  was 
nearly  constant : — 7=4.5  sec.,  2<t=8.0  mm ;  7'=9.1  sec. 

2iid  Preliminarff  Ti*emor,  etc,  Tiio  2nd  preliminary  ti-emor 
began  with  a  max.  group,  which  lasted  44  sec. : — 7=8.9  sec., 
2a=24.0  mm.   The  movements  dnring  the  successive  epochs  were 

as  follows  : — 

{{)    2"'  18V  .   .  Motion  amftll  :  — 

r=H.7sec.,    2a=anmm;    7=5.7  sec,   2a  =  lO.Ouim 

(ii )  3'"  45'  .  .  Motion  larg(ii  :  — 

G.9  sec,   2rt =47.0  mm ;    7-13.2  mo. 

(iii)  4"*  18* ... .  Motion  again  laigar :  — 

7=8.4  sec.,   2a=6(>.0  mm ;    7=15.9  aec. 

Then  the  motion  became  very  large,  commencing  with  one  of 
7'=  13.4  sec.  The  subsequent  vibrations  became  quicker  and 
gradually  increased  in  amplitude  : — 7—9.0  soc.,  *2(i  =  181.0  mm 
(max.  limit).   The  pointer  then  went  off  the  smoked  paper. 

(//)   BW  Comp&nent. 

ht  and  2nd  Prclimimrn  TiumovK.  The  motion  began  with 
.small  vibrations,  which  reached  a  maximum  17  aec.  after  the 
start,  thence  again  decreasing: — 

7=7.3(160.,  2a=10.5mm;  7=3.7  aeo.,  3a=:4.6mm;  7=2.6 aao.  (?) 
The  2nd  max.  occurred  2"*  9*  after  the  commencement : — 7:=8.486C, 
2a=28.0mm.    The  subsequent  motion  was  small; — 7'=3.8  sec., 
2a=12.0mm, 
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Tho  3rcl  mux.  occuiTcd  0"  50'  after  the  commencoinent  and 
consisted  of  4^  vibrations,  lasting  for  45  sec.;— 2r=  10.1  sec.* 
2a=r30.6  mm. 

The  motion  for  the  next  successive  epochs  wero  as  follows  : — 

(  i  )    :V"  Ofi*  Motion  siniill  :— 

7':^4.9  Hec,  2a    15.0  mm  :  12.1  sec. 

(ii)  2"' H9V  .  .  .Motion  larger  and  slower: — 

T=  1 AJ)  sec.  2«  =  :W.O  mm(  ?) ;    2^=7.8  sec,  2a=34  nun. 

(iii)  4"'  4lv  . . .  Motion  much  greater 

2r=7.B  flee.»  2a=60.0  mm ;    T=5.5  aec.»  2o =30.0  mm ; 
T=  12.7  nee.,  Sa^sSaSmra. 

3rd  PInise,  Principal  Portion.  For  the  first  :>  r>X*,  tlie  iiiution 
was  most  active,  comprising  the  followiu*^  three  max.  giwps ;  — 

Isfc  group.  9.1  sec.,   2tf = 200  mm. 

2iid    „   r=  8.7  „  . 

3id    „   r=13.4  »  ,   2a=905mm  (max.  Ihnit.) 

During  the  next  12'"32\  the  successive  max.  movements 

graduuUy  diminished  from  198.0  mm  to  46.0  mm  ;  tlie  first  5  max. 
vibrations  were  conspicuous  and  occurrtnl  at  nearly  regular  inter- 
vals, as  follows: — 

/Literval  betv^en  Ist  And  2iul  m»x.:=l'"39*. 


tf 

2nd  „ 

Sid 

„  =1 

52 

M 

3rd  „ 

4ih 

„  =2 

05 

»» 

4tli  „ 

5th 

„  =1 

38 

The  period  of  the  i  i  iuciiml  vibrations  in  the  max.  <j:roup 
was  : — T=\).l  see.  But  at  min.  places  there  were  the  following 
slow  movements. : —  T=  13.8  see. ;    T—  '2 1 . 5  see. 

For  the  next  10**  10%  the  motion  was  much  smaller  and 
nearly  uniform,  there  being  7  maxima  which  occnn'ed  at  nearly 
regular  intervals  of  1"  41"  (average).  These  maxima  ranged  between 
10.0  (1st  max.)  and  2l.omm(5th  max.),  and  the  period  was  '/'^ 


Digitized  by  Google 


IniliaQ  iukrUuiUokc  of  iUU5.  IL 


99 


1 2.2  sec.  At  )uin.  optxihs  tlieic  were  also  some  vibmtious  o£ 
7*=32.3  80C.;  2'=  8.7  sec. 

Thereaftor  the  motion  was  much  smaller: — 7=1 1.2 sec, 
T='263sc<s.   Towards  the  end  of  the  earthquake: — 7*=14.S8ec. 

Tin?  followiiiiT  tabular  statement  of  tin*  elements  of  motion  is 
tiiken  fiom  Mr.  F.  Akerblom's  lleixirt  on  the  seismic  observations 
at  Upsala,  Oct.  iyu4  to  May  1UU5.* 


I'lia-so  of  motiuu. 

Tiuiei}. 

T     j  2ti(EW; 

Cominenoement. 

1.5 
» 

5 
H5 

30 

Incveaae  of  motion. 

1  W  HI 

6 

90 

00 

2iid  Freliminary  Tremor. 

1  (15  19 

7 

80 

60 

15 

J  ong  WaveH. 

1  12.(; 

rix>miueiit  Yibiutiou. 

1  17.J 

0 

<i()0 

>> 

1  2U.2 

n 

Tail  (Eud  Portion). 

m 

End. 

4  05 

47.   BataviOf  Java. 

The  Koyal  Magnetic  and  Mcteorologiciil  Observatory.  (Director, 
Dr.  S.  Figee.   Vlco  Director,  Dr.  W.  van  'Bemmelen.) 

EW  Component  motion  photo«^raijliieall\  re'^nsterod  by  a 
Itelu'iu- Kiiki  t  Horizontal  Pendulum,  whose  oseillation  period  was 
9.8  sec.,  and  wliose  period,  wlien  suspended  vertically,  was  1,32 

*  KndmchtMi  der.  K.  GeseSveluCt  der  WJno&schiiCteD  en  GoeUingen.  llatb.-phjnk. 

KkwiM.  liK)G. 
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seconds,  so  that  1  mm  tlis})lacemeut  on  the  photogram  would 
correspond  to  a  tilt  of  0,"159. 

Time  of  oommencomont^O"  58"  33*.   Total  duration =3"50~. 

lit  Prdimvnary  Dremor.  Durations:?'"  0*.  The  motion  con- 
sisted eliielly  of  tlic  foilowiiiir  3  sets  of  vibrations: — 7'^r).ysec. ; 
2'=  9.8  sec. ;  1.4  see.  Tlie  last  period  characf('iT/-es  iiio\x  incuts 
of  a  macrotieismlc  nature.  Then  set  in  large  pendulum  oscillations, 
which  remained  active  till  about  1^  48**,  the  motion  thence  gradual- 
ly diminishing, 

In  the  epcK'li,  wliieli  may  correspond  to  the  1st  and  *Jnd 
phases  of  tlie  princii)al  poition,  tlierc  wc  iv  some  largo  slow  vib- 
rations of  2'=  18.8  sec.,  mixed  witii  pendulum  oscillations.  For 
the  next  19"* 8',  the  motion  was  large,  as  follows: — ?*=  11.4 sec., 
max.  "la  (actual  rccoi'd)=57  mm. 

For  tlie  next  lo  ni.,  the  motiuii,  wliieli  was  smaller  ,  was  as 
follows: — lU.U  sec.,  max.  la  (actual  record)  =18.5  mm. 
Towards  the  very  end,  2=9.4  sec. 

The  diflbrent  values  of  the  period  alx>Ye  given,  nearly  equal 
to  10 sec.,  are  due  to  the  pendulum  oscillation;  these  are 

9.8  sec. 
11.1 
lo.o 
0.1 

The  trace  of  tins  U',  motion  was  not  indiralcl.  proljably 
on  account  of  the  shortness  of  the  free  oscillation  of  the  pen- 
dulum. 

(Piihatory  Oscilhtii  >::s. 

The  diagram  indicated  small  pulsatory  oscillations,  both  before 
and  after  tho  earthquake.  Their  periods,  deduced  from  5  series, 
each  of  80  vibrations,  were  as  follows : — 


mecuf,  10.2  aev. 
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liofore  tbo  earikquake  


7.4  Boe. 
7.6 


8.0 


MttiV  tilt-  lauth  iiuike 


Mean  . . . 


7.()0ec. 


This  com'8ix>iulj5  tu  wliut  1  luivu  douotuil  liy  Q2.    (Sec  §  H). 

48.  Ziisawei,  (Shangluii),  Cliina:  Observatory  (Diroctor,  L. 
Froc).   Mio  de  Janeiro,  Brasil :  Obsen-atorio  do  Bio  do  Janeiro 

(Diriftor,  W.  Moii/A-).  The  soismie  records  ui  tlusc  two  ]»lace.>, 
fiirnislu'tl  by  tlie  (^lauri  horixoiitul  pciululums,  wore  not  sutisiactor}'. 

Strmburg,  (jermany :  KaUcilichc  ^lauptstation  fui*  Erdbo- 
bcnforachnng  (Director,  Vvot  Dr.  G.  Gerland).  The  copies  of  the 
diagrams  fumiHlied  by  Kebear*£hlert  lioiizontal  pondolum  and  tho 
Viwntini  raicro.slsinogi'afo  wtii*c  not  cluiir  enough  to  allow  us  to 
study  them  in  detail. 

The  times  of  the  eaitliquako  occori'unce  at  tbo  above'  men- 
tioncd  3  places  have  been  given  in  Table  I. 

EfZrthqiixk^  Obscrv^tioits  at  TasJhkjittf  Jrktitsk,  TifliSf 
Aclialkalaki,  (Bahim,  ^orskom,  (DerberJ,  Schentacha,  Jtirjciv  {(Dor pat), 
^  ,  :.:^;-jjciJ,  ^Jjclgrjdd,  K:\:. '/(J::.:.  a \:;;\'::r;^^  '^'j^iov,:,  Ji^css:;:^z. 
^-Ipia,  Vieques.  Th(^  results  ol'  tlie  eartlKjuake  observations  at  the«5o 
18  stations,  given  in  tabular  form  in  §§  37-5^,  aro  taken  from 
the  diflbrent  seismologtcal  periodical  reports. 

60.    Taschkentf  Russian  Tiu  k(  .stiiii. 


Astronomical  und  Physical  Observatory.  (Observer,  J.  Uoul- 
tiaeff.) 
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Tho  tiiiK'S  nf  thv  ^lillt'icnt  paits  ol"  tlif  riii'tlnjiiiikc  iiiolioii 
locoitltHl  by  Omoii  st'iHinogiuph.s  and  a  llcbcui-Khkit  pciuluiuni 
wore  as  follows.*'' 


(In  Tasdikeut  Time) 

Omon 

Rebeni- 
Ehleri 

(G.  M.  T.) 

u£  2ixl  pi-el.  troiiiur. . . 
Mnximutn  motioiL  

li         in  • 

Il  m 

5  29.« 
5  :U.7 

10  4.2 

h        in  M 

0    5*2  '24 
0   .11  '29 
n    ."7  22 
o    27  00 

!i 

Thus  the  duration  of  the  i)ii'liininary  tremor  was  2"'  5*. 

^4ficy^shocks.  TIk-  aixuial  distaiK'o  hi'tween  oaitlujiiaki* 
origiu  and  Taschkcnt  was  only  1 200  km  and  it  is  podJiible  tJiat 
the  shaking  was  actually  felt  at  the  latter  place.  In  the  course 
of  the  succeeding  two  days,  the  seismograplis  there  I'ecorded  11 
small  seismic  disturbances,  as  show^n  in  the  following  Hst. 


Date. 

Tiiao  of 
( 'otmueiitx3iuont.t 

Time  of 
Maximuiu.t 

Time  of  Com- 

iiieufcmeut 
(G.  M.  T.) 

Max.  2a 

. 

(i  III 
12  31.fi 

1-2  'MXi  (NS) 

Il             111  s 

7   o4  25 

Ill  III 
'2.(1 

13  AM 

1:5  l.uiKW) 

<s  40 

2.8 

t 

\      1:5  19.(; 

13  19.«;  (KWi 

8   42  25 

2.5 

April  ^Ui. 

14  12.7 

14  12.7  (EW) 

9   35  31 

2.0 

15  10.0 

15  10.0  (EW) 

10  32  49 

3.4 

15  24.9 

15  27.9  (EW) 

1(»  47  43 

4.0 

*  Tiilicn  rrum  MonafNlx  li.  liti  .Ur  ilori/onbilixMidcl  Station  am  AatronomwobeD  and  Pby* 
bikiUkwUcn  Obsetvutoriutii  v.n  TiiHciikcut.   Nu.  4,  ISAJo. 
t  Tniabbeiit  Time. 
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Bate. 

Tiiiifi  of 
(\;uiineucemout. 

1 

Tiiiit'  of 
Maxiumiii. 

Tim©  of  Com- 

ineucement 
((1.  M.  T.) 

Max.  2a 

1 

15 

ni 

ra.d 

15  51.9  iKW) 

1 1      111  • 
11    14  4:i 

111  til 

H.H 

April  ^th. 

17 

11.9 

17  14.0  (NS) 

I'i   87  4:1 

10.2 

9.3 

±>    9.U  (NS) 

17   :52  07 

2.0 

1  23 

10.1 

j  23  19.7  (NS) 

18   38  55 

- 

3.5 

April 

'  3 

44.fi 

'   :j  47.0  (EWl 

(April  4tli) 

23    07  25 

6.8 

5L  Trkmatk,  Siberia.* 

L'Obsen'fltoire  Magnetiquc  et  Mot6orologi(iu(\  (Directeiir,  A, 

VoziR'sst'Usky). 


lustrameut. 

meat. 

Incren.se  of 

iTifition  for 
iniuitiiuni  1. 

End  (or 
veakfiuiug) 

1 

2a 

h 

m 

ii 

ni 

h  lu 

mm 

0  55.7 

0 

57.8 

42.0 



0 

58.3 

75.0 

Zollner-Bepflokl 

1 

1.1 

1 

02.9 

170.4 

Pendulntu.  NS. 

1 

07.0 

202.0 

3 

20.0 

8 

28.«» 

22.8 

3 

43.0 

22.8 

4 

11.9 

8  10 

20.0 

0  55.7 

0 

50.9 

81.0 

1 

00.8 

1 

01.0 

78.0 

ZdllneroBeptxtkl 

1 

oi.n 

227.2 

PetKlnlum.  £W. 

1 

0S.7 

220.0 

3 

(m.8 

3 

17.2 

— 

20.0 

3 

44.0 

8  09 

28.8 

*  .^00  Halletin  de  la  OoBuniMlmi  Centmle  ftxmiijae  PcnniiQente.    Annie  ]9nS«  AnU- 
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F.  Omori: 


Iimtramout. 

( V>iniueucti- 
inent. 

of  motion 
(of  minimnni^ 

Masimntn. 

End  (or 
weakening) 

2a 

h  m 

li  m 

0  55.7 

b  m 

li  m 

mm 

4.0 

0  66.7 

4.G 

- — 

I  OtK7 

— 

26.0 

Miluo  Hor. 
Peiidalum.  MS« 

1  05.7 

40.0 

x(>.U 

1.  MJmO 

— 

10.0 

0,0 

2  27 

- 

>2  3« 

— 

i\  "td  1 





_ 

1   IM)  ^ 

X  \nr,Ct 

1   01  0 

1   (11  0 

Peudulain.  NS. 



1  05.0 

1  (n.<) 

1  «»7.2 

— 

5-J.S 
60.0 

1  08.H 

104.0 

0  55.8 

1 

1  01.5 

28.0 

Ornori  Hf iii/oiitnl 

1  (»5.a 

1  00.1 

36.0 

Peudnlutn.  iiW. 

1  on.8 

66.0 

1  07.2 

1  08 

88.0 

1  21.1 

2  17 

Tlic   mo-Aw    tinu'    inonu'iits   oi'   ihv   iliflrrciit  ])hMSC'K  i\\u\  tlio 
duration  oi  the  1st  [iioliiuUiary  tremor  are  as  follows: — 
Time  of  K(|.  (  onimonconiont,  <„  -  o''  55""  4(P 

CouiniencomrTit  of  2n(l  I'n'l.  Trouior,  /g,=l  0<)  52 
Poratiou  oi  ih&  1st  Pral  Tjemor,  y„    =     5"  06" 
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58.  Tlflia,  Aehnlknlaki,  lititmiu  Jiorsltom^  Devhent^  SrfiC' 
maeha,  CaucosuB,  Russia.  Tiilis :  Physical  Observaton%  (Director, 
S.  V.  Hlasek;  Assistant,  P.  E.  Stalling). 

The  positions  and  the  results  of  the  obseiTattons  at  Tiflis  and  tho 

rtlx)Ye  name<l  r>  adjacent  stations  arc  given  in  the  following  tables* 


Place. 

f 

i 

43'  H"  N 

44' 

47' 

61"  E 

AcbjilkalAki 

41 

25 

43 

29 

09 

Bfttnm 

41 

40 

41 

38 

35 

IJorslmm 

11 

;■)! 

43 

2:$ 

OS 

42 

i)i 

4S 

18 

Scbemaclm 

4 

40 

4H 

38 

Observations  at  Tiflis.  (Tiflis  time.) 


luHirauieiit. 

1st 

Prelim  iuary 
Tremor. 

2iid  Pi-el. 
Tremor. 

End. 

Max.  Motion. 

B.E. 

N 

It  III 
:J  54  57 
3  55  03 
3  55  00 

3''59'»4- 

h  in 

1  I  i 

Milne, 

n 

S 

3  55  00 

42" 

9 

IB-W  31.6""" 

Omori  • 

1  " 

u 

N 
E 

3  54  54 
3  55  10 

46 

32 

6  30 
8  — 

8  26  11.7 
?  >48. 

ZoeUner 

\  : 

X 
E 

8  54  54 
3  55  0(5 

50 
34 

fi  .'io 
8 

13  18  r,.5 
0  50  :?o.« 

Omori  ' 

\  : 

N 

E 

3  54  52 
:{  54  48 

52 
28 

7  30 

13  34  22.7 
!)  42  35.2 

in  mpridiftii. 

in  prime  vertical 

:i  55  00 
3  55  00 

57 
38 

5  — 

5  Of;  9.4 
0  49  26.8 

•  Taken  fiott  fittanficb  XcnaUbtrMU  dec  Phj/^pdlaettm  Ofewrwiiorftrwt  pt  Ttflit,  No, 

4.  1905. 
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The  reducUoii  to  tho  G.  M»  T.  is  -2"  59"'  IT,  and  we  obtain 
from  the  above  table  the  following  mean  values  for  the  times  of 
commenoement  of  the  Ist  and  2nd  pi-eliminaiy  tremors : 
( Ist  pi«I.  tnmor  O''  55"  48«  (G.  M.  T.) 

'I2iid   1  00  81   (     ,.  ) 

Thf  cluiatiou  oi  the  Ist  pieli miliary  tremor  was  thus  4'"  13*. 
With  regard  ti>  the  times  of  occurrence  of  tho  maximum  vibration, 
tho  majority  of  these  may  be  divided  into  the  following  two  groups : — 


18  18 

(B) 

9  50 

13  U 

9  42 

Mean  . .  4"  18"  17«   4*  9"  !»•  (in  Tiflis  Time) 

=1  14    f>   I  10  S  ^in  G.  M.  T.) 

(&)  may  probably  bo  taken  as  con'esponding  to  tho  com* 
menccment  of  tho  3rd  phaso  of  tlie  principal  portion. 

Observations  at  Achalkalaki,  etc.   (Tiilis  Time) 


Station. 


Aclialkalaki. 
Batnm. 
iktrabom. 
Derbent. 

Schemaclm. 


Lastniment.* 


1st  Prol. 
Tremor. 


JOmoriH.P.(N) 

I    «  (E) 

(N) 
(E) 

? 

I    »  (E) 


m  1 

55,  7 
55.12 
55.39 

55.20 


.55.0^1 


54.12 
.'54.10 
54.20 


2ud  Prel. 
Tremor. 


Ii     in  ■ 

4.00.05 
8.59.45 
4.00.31 

4.00.1:^ 

4.00.04 
?,M.U) 

:^..r,s.4o 
:i.r)«.:{2 
;i58.i>5 


Kiid.  I  Max.  Motion. 


0.30 

9 

■ 

5.30 

•) 


b    m  M 

4.07.45 
4.0A.29 
4.11.31 

4.0C.52 
4.09.20 
4.09.51 


mm 

20.7 
31.7 
27.4 

58.3 
17.0 

>f.l.4 
>111.0 
>1S7.0 


*  (N)  find  (£)  mean  tespectiTely  the  pendalam  Cacing  N  »nil  the  pendolum  ftctDg  E. 
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From  tlie  above  fable  we  obtain,  by  taking  the  mean  from 

tlic  two  cuin[K)ii('nts  at  each  station,  the  tiincs  of  coiniiu'iicoinent 
uf  tilt?  iai  and  2nd  pielimiiiary  tivniors,  and  of  tlie  occuiTcnco  of 
the  maiEimam  motion,  at}  shown  in  the  following  table: — 


(Tiffis  time.) 


SUilioii. 

Ist  prel. 
tromor. 

2ud  praL 
txemav. 

Maximuia 
mofciou 

T)nrntion 
of  IkI  prel. 
ttomor. 

stance 
from  Eq. 
centre. 

AchalkalBlci 

Il        ID  l> 

3  55  10 

b      ui  » 

8  59  55 

b      m  ■ 

4  06  07 

lu  s 

4  46 

28*21' 

Batnm 

3  55  30 

4  00  23 

4  00  12 

4  52 

29  45 

Boonshom 

3  55  03 

3  59  55 

4  09  36 

4  52 

28  80 

Berbent 

3  54  14 

3  58  36 

4  22 

24  58 

Schemiiclm 

3  58  55 

4  35 

24  23 

Il      in  « 

a  54  51 

Il     III  « 

a  59  aa 

Il            111  H 

4  08  58 

m  n 

4  41 

270  11/ 

Thus  the  UYoruiSu  rcisults  aro ; — 

'  Time  of  coiumeuotiiutiui  of  Ist  prel.  tremor =0^  55*"  40"  (Cl.M.T.) 

2ik1       „  =1  00  22  (     „  ) 

Time  of  (xciuTtjUfH  of  iiiiixiimim  iiiotiou     —1  09  47  (     »  ) 
,  Duratiuu  ui!  tlie  lat  pi^linnnaiy  ti'eiuor     =     4  41 

53.   NlkoUxjetv,  lUissui,* 

^Marine  iVstLmomical  Observatoiy.  1  mm  on  the  seismogram 
=0r016.  Conmienoement=0''58.9." 

The  results  of  tlic  observation  witii  licbcur-Pasclnvitz  Pen- 
dulum, E-W  Dirtjctiou,  was  as  follows. 

*  XVikea  from.  Bulletin  dc  la  Conwussum  Cenitxde  Himmque  PermantTtle,  Anoio  AvxiU 
Join.  St  Paenbonig. 
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i'.  Uiuuri: 


(or  iniuinium). 

>ra\imuin. 

1 

I'llll  ittV  WAAlCAn— 

I'll*!   1  VJX     ff  ¥  TrWMirTll 

2a 

h  111 

1  Oi,o 

li  ni 

2  17.-2 

h  m 

iiiiii 
29.0 

2  27.8 

11.5 

2  38.9 

2  49.3 

9.8 

H  48.6 

9.0 

»  59.8 

10.0 

4  02.1 

8.0 

4  06.2 

9.5 

4  1(».,S 

8.1 

4  21.7 

4  ;i2 

7.4 

54.   Jftrjetv  (  l)ori>jit),  liussia.'^' 

Astruiiouiicul  Observatory,  Uaiivurtiity  of  Jurjcw.  (rrofcssor 
(j.  Lcvitsky). 


IiiBtniineut. 


HSjoUucr-Ilepsoltl 
Pottdnluiu 
E-W. 


('(lIllllKMIfO- 

luuut. 


niotiou  (or 
luiiiiiiinm). 


Maxiinuiu. 


I.  Ui  R 

0  57  54 


ii  III  « 
1  04  00 

1  12  49 

1  48  41 

2  01  41 

2  4n  12 

3  03  50 

a  22  22 
:i  ;;i 
a  40  21 


ii     III  > 

1  05  05 


End  (or 
Weakeu- 


2  24  19 


G  05  UU 


2a. 


80 


*  Tnk(  II  from  JiulUUn  dt  la  CiHNmbaian  Cetvbrat  SUmiqita  PtrmmmU,  knutm  1906,  Avnl- 

juiu.   iSt.  r^Ursbouj^. 
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Iiistruineut. 

,  ^              Tucrease  of 
.       niotiou  (or 
luuuimum). 

Maximum. 

Eu»l  (or 
WeaJiHu- 
lUg.) 

2a. 

1 

ZuUoer-Bepciold 
Pendnliuii 
N-S, 

Il    111  • 
0  57  50 

It     m  K 

1  04  n7 
1  4-2  09 
*2  17  48 
•2  m  4-2 
a  03  59 
H  30  91 

Il       III  K 

1  17  (W 

h     »  s 

i>  50.4 

mill 

:}'28 

56.   Belfffade,  Serbia. 

1?.  Astioiiojiiiuul  and  Metcoi'ologioui  Obsenutury.  (Prof.  M. 
Ncdolkovitch). 

TIwj  time  of  Bqko  commeiiccmenfc=0'' 57"'47*. 

M,  ICrakau,  Austna-Hiuigary. 

I.      Astronomical  Observatory.    (Prof.  M.  Rudzki.) 

The  follaw'in*^'  table,  taken  from  the  Kiukau  earthquake  i-eport, 

gives  the  elements  of  motion  as  roeorcled  by  an  Oiiiuri  lioiizontwl 
yendiiliua  set  up  in  the  HE  direction,  wliose  natural  oscillation 

ponod  was  about  2ti  sec.,  and  whose  magnitication  was  about  10. 

1 1  III 

Coinjiieucemeut   .0  58.2 

'2ud  pi^ei.  tremor  1  3.8 

III 

lat  Jmis.  gixjup  .1  ll.vl  — '2:).:J  r2a  =  li>.5  iniu  l 

Slid    „      „   1  29.5-a2.I  („  ,,17.5  „  ) 

3«1    „      „   2   0.4-  1.4  („  „  «.0  „  ) 

Edd  poiiioii   2  29.4 

End   d  30.0 
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F.  Umun: 


57.   *femt,  riornumy.'" 

jSeismische  Station,  ABtrouoinisolii^tf  Observatorium.  (Diroetor, 
Prof.  0.  Kiiu}>f ;   Assistant,  Di%  0.  Eppeustein.) 
IVieeliarrH  Peiidiilam»  of  the  foUowiDg  comtaiitB : — 

l>upi)elte  Hckwii^ngsdaiier  Iwi  mogliclist  kleiiier  IHmpfiuig, 

7:.  ll.G  (KAV);  11.2  (>S). 

IiMlikatorvei-gixiKHrnni^  V  171    „     ;  l.S^!  „ 

Maximuk  r  Iteibuiif^iUKHc'lilag  j*. .  , .  0.7  „  ;  «..)  „ 
DttiupfuugMverJialtiUK     t   4.9    „    ;    1.9  „ 


Pbaae  of  Motion. 

Tiiueoi. 

T 

5Ja(JiW) 

2a 

■  ti 

m 

« 

MF. 

jca  1 
1  7-9 

Commeiicmneut. 

'  0 

58 

54 

50 

O.o/i 
24 

2iid  ProL  Troiiuii. 

!  1 

OU.l 

11 

140 

Long  Wave» 

i  1 

ltf.U 

12 

340 

1 

1«.7 

Over  r>K0 

Inerease  of  Moikm. 

1 

1.1 

1 8111111111  to  tlic 
fii"al  hl«x  k ) 

fHei-o  tlie 
NS  uoiu- 

1 

5.5 

18 

45 

ponent  po- 

lioug  WftveH  (EW) 

1 

16.3 

9 

140 

iutor  MHs 
Uuwuout) 

Pkmniiwiit  ViUmiiou  (K  W) 

1 

23.4 

la 

790 

n              9*              »  1 

.  1 

2(5.2 

11 

r.«o 

1 

1  1 

42.9- 

III 

-45.9 

l-> 

i(M» 

Tail  (oi-  Eud  rurtiuu) 

22 

lo  20  ao 

End. 

1  ^ 

BO 

ftS.  Hamburgf  (Jormaiiy.f 

llaiiptshition  fur  ErdbclH-Tii'orschiui^  am  Physikalisclicn  IStii- 
attjluUjrutoiiuni.    (Dr.  11.  Schiltt.) 

Drcifachc's  HorizontalpcmU'l  of  riobcur-Elilurt. 

•  JGmotfldb  Adbfl6«t6ericiUe  dtr  Mmiaehm  StOHon  ftt  Jetta.  April,  1906. 

t  ^fittHlungtn  tier  IlaupiaiatUm  fir  JMUbtt^fimcho^  ttm  FkgOMUeliien  SUudMbantar* 
iuiH  2u  Jlmiiivtrg.  ApiiJ,  191)5. 
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Phase  of  inotiou. 

TiineH. 

2a 

Conimpncfinput. 

'   0  58  14  (Pfiud.  N.) 

2iid  FvoL  Tremor. 

1  02  23  (Fend.  M.) 

PkincipAl  Povtion. 

1  05  47  (    „  ) 

End. 

n  28 

Peiuhiluin  N  in  diitx;tixi  towanis  S  15°  W. 


09.  ^adova*  Italy.* 

Istitnto  cli  Fisica  del  R.  Universita  di  Padova.  (Director, 
Prof.  G.  Vicentini;    Assistants,  Dr.  R.  Alpngo  and  Br.  6.  Abettj.) 

Tlio  motion  was  recorded  by  throe  Microsismografo  "  Vieen- 
tini»"  A,  ]i,  and  E.  whose  instrumental  constants  were  as  follows. 

(A.)   Two  horissonta!  components  : — 

'  Tjeii');tli  (if  Pftndulum  =  10.()8  m. 

Mii-s-s  =400  kg. 

Mnltiplication  —  89. 
,  Velocity  of  the  smoked  paper =20  mm  per  miunte. 

(B.)    Vortical  and  two  liorizontal  eom]>oii(  uts  : — 

Sorizoiital  Components.  Vertical  Component. 

'  Jjength  of  Pendnlnms:  1.50m.   Length  of  Spring  =:1.B2  m. 

Mft8B=100 1^  Ma8s=:45  kg. 

•  OwiQation  period =2.3  sec.    OeciUaftion  period  ^1.2  aec. 

Mi]liip1iefttioii=129.  MidtipUcation=167. 
,  Velocity  of  tite  mnoked  paper =8.5  mm  per  minnte. 

*  Se«  CtfDQo  l^liminnre  Htille  IlegistiHzioiii  dei  Microaismofiiali  dell'  Istitnto  di  Fisicik 
d«Ua  It.  rmTersitft  di  FiuloTa.  1905. 
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F.  Omnri : 


(E.)    Voi'ticrtl  and  two  horizontal  components  : — 

Horixontal  Componentt*  Veriical  ComponaiL 

TjeqgthdE  P6iicln1iim=l.ijOm.  Langlih  ol  8priiig=1.29  m 
Mam=100  Vg.  Mim-SO  leg. 

•  OHciUatioii  pGriod=2.4  mc.     Oflcillaiiaii  period=:0.8  nee. 
Midiiplicatiau=101.  Mi]ltiplieatiQii=270. 

,  Yeloctty  of  the  smoked  pnper=15  mm  per  minute. 


Mierosumogra/o  A, 


Phase  of  motion. 

Time. 

Max.  2a. 

T. 

(Ibmmenoement. 

h 

0 

69   02  (EW) 

—  mm 

—  eee. 

1 

Ofi   4«  (NS) 

72 

I 

(K;    52  (EW) 

75 

End  of  first  phaso. 

1 

40    ao  ca. 

Slow  vihraiiou  epncli. 

I 

4^  00 

16-12 

£ud. 

4 

05  ca. 

Micro^ismografi >  B. 


IMin^>  of 

YerHcal  Component. 

Kcnriaontal  Oompooeni 

laotioQ. 

Times. 

Max.  2a. 

T.  1 

Times. 

Mas.  2a. 

r. 

Commencement. 

ii  111  « 
0  58  o(; 

0  59  51 

mm 

1.7 

-  i 

0  5«>  ()() 

Me. 

1  OB  27 

SmaU. 

4.7 

1  OG  83 
1  17  20 

5.2 

5.3 
8.5 

1  19  20 

Very  small 

8.0 

1  24  20 

12.5 
20-10 

End. 

2  28  00 

4  05  00 

Digitized  by  Google 
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Mierositmogra/o  E. 


Fhnae  of  motion. 

Vertical  (\)iniK>ueut. 

Horizontal  Component. 

Mas  fiff 

T 

Max.  2a 

T 

Connnoncement. 

li    m  » 

0  58  57 

iitni 

* 

h    m  * 

0  58  57 

mm 

100  (H 

5.0 

10123 

80.21EW) 

104  OA 

(motion  iii«is«'. 

11210 

4.0 

1 16  52 

ORdllaHotM. 

11.0 

1  15  pa 

1  17  If) 

(Oscilln- 
(tiouH. 

»» 

4.8 

7.1 

1 

1  21  12 

Vory  siuiill. 

9.2  > 

Blow  CMcil. 

f4Iow  asdl. 

Yiirying 

Knd. 

2  ca 

Vntying  | 

'4  10  ea 

Fmin  tlic  abovo  table,  wo  obtain  the  follim  iii^r  moan  rcsult.s  : - 
Time  of  Commencement  of  the  Ist  Fvel.  Tromor=:/,"0''  58*"  58% 

2nd  „       „  06  42 


Dniation  of  tlm  ltd;  Preliminary  Ttomor  syjs:?"'  44". 


60.  Memlnti,  Italy.  Institute  of  Tenestrial  Physic**,  Royal 
University  (Pjof.  (1.  R  J\i/.zo). 

Sisinografo  "  Agameunono "  a  duo  componenti ;  Pon«]uluui 
Pcriod^3.9  sec. 

Tho  obBervatiOR  was  as  follows.* 

'    NE-8W  Component.     ;j    NW-SE  CAraponent. 

PluMtfj  of  motion.  —  ■  


TiiiM  of 
ComiDeiwtflineiit. 

T 

jCQmiBMIWBUSIlt. 

T 

2a 

Iftt  Prel.  Ttemor.  ' 

h    m  « 

0  59  00 

UK*. 

—   '1     1  05  24 

mm 

2nd   „        „  J 

I  m  15 

10.0 

0.7  ^     1  07  3(J 

CO 

0.7 

•  See  (be  Anmurio  deU'Awo  190i,  Osstrmtorlo  ill  Mtstiim, 
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Pltaae  of  motiou. 

NE-SW  Gomponeni 

1    KW-8E  Cbmponent. 

Time  ot 

Ck>iniDCDMllMi|lt. 

T 

2a 

1  TiflMflf 
CjouMiioamciiiL 

2a 

Priuc.  Portion.  j 

>i         III  H 

1  ir>  12 

*tr. 

mm 

h      m  n 

1  15  55 

HOC. 

Mn\.  l'lias.>.  ! 

1  2;")  07 

lo.C 

1  2r.  5(f 

KJ.O 

().(> 

Next  Phaae. 

1  38  2r> 

1  :i9  m 

End 

2  02 

1  40 

61,  Apia^  Samoa  lalaivl. 

Samoa  Ob8ei*vatoiy  of  the  Gottingen  Academy  of  Sciences 
(Dp.  F,  Linke.)   Wieehert's  Astatic  Pendulum. 

The  foUowint;  uiuilysis  is  taken  from  the  Samoa  eartliquako 
report,  No.  fi,  1905. 


Phaae  of  motion. 

Time  at  Com- 

T 

Max.  2a 

mencemont. 

N-S. 

E-W. 

Isi  preliniiiiary  tremor. 

Ii  in 

1  ir> 

(?) 

mm 

2nd       „  „ 

1  19.;{ 

17  sec. 

0.09 

Tjarge  movemente. 

1  40. 

44 

0.65 

0.65 

Manmnm  Tibiatioii. 

1  50. 

27 

0.55 

Tail  (End  portion). 

18 

End. 

6  00. 

eSk   ViequeB,  Porto  Kico. 

U.S.  Coast  and  (Jeodetic  Survey  MaLnu  tic  Observatory.  (Su- 
perintcTidfiit,  Dr.  Tittmann  ;  Observer,  P.  H.  Dike.) 

Two  Omori  horizontal  pendulums,  recording  the  E\V  and  NS 
components,  are  mounted  in  the  north*east  room  of  the  ground 
floor  of  the  old  Spanish  Fort  *•  Isabel  '*  on  Vieques  Island  just 
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east  of  the  liskud  of  Porto  Hico.  Tim  instruments  are  placed  on 
8ix>iie  piers  laid  In  cement  extending  30  inches  below  the  level  of 
the  floor.   They  are  about  130  feet  above  sea  level    The  result 

of  the  observatioji  was  as  follows.* 


Fbam  ci  Motion. 

Ist  l*i-el.  Tremor. 
Principal  Portion. 
Maxitnnm. 
End. 


NS  (Vwnponeut. 
(Time  of  Couuuenoemuut) 


h        in  g 

J  10  2() 


1  50  48  j 
•3  10  48(2a=1.2iiim| 
B  47  26 


EW  Comj)outiut. 
(Time  of  ComiueDcem«at) 

h      in  R 

1  10  25 

1  43  25 

2  la  51(2a=1.6m]n) 
a  38  25 


Chapter  III.  Milne  Horizontol  Pendulum  Diciarams 
of  the  liongrii  earthquake. 

63.  Milne  Ilorixontal  l^emlidum  StaHouH.  The  present 
Chapter  contains  descriptions  of  the  Milne  Horizontal  Pendulum 
8eismograms  obtained  at  the  foUowing  10  stations : — Shidc ;  Kcw ; 
Liveiixjol  (Bidston);  Edinburgh ;  Paisley ;  San  Fernando ;  Welling- 
ton ;  Christchurch ;  Mauiitius ;  Cape  of  (iockI  Hope;  Toronto; 
YicttM'ia,  B.C.;  Bjiltimore  ;  Cak'iitta  :  K(Klaikaniil  ;  l^<nnl)ay  (Colaba); 
Bairdt ;  Pouta  Delgada  ;  Honolulu.  The  analysis  luas  been  made 
of  the  photogi'apliic  copies,  except  in  the  oases  of  the  3  last  places 
whose  diagituns  I  have  not  received.  The  i*eproduction  of  the 
registers  are  given  in  Tls.  XVIII  to  XXII,  the  Publicatiotis,  Xo.  23. 

*  Kc  i  roducod  tim  ItoEenw  B«id*s  paper  g{v«n  in  tlw  nmritial  MapieSmn  end  Muot- 

pfteric  ElectticUy. 
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The  Milnu  liojmnitai  peiKluluniH  art',  according  to  the  iiistnic- 
tions  from  the  Biitish  Association,  usually  so  placod  that  the 
boom  is  in  the  meridian  or  points  N-S,  the  natural  oscillation 
period  being  about  15  sec.  The  magnification  witli  respect  to  the 
horizontal  caitliqiiMk*'  motion  is  (5  to  7  times. 

64.  Vtilitu  of  Milne  Hofixontal  Pemlttlum,  Tlic  Mihie 
Horizontal  reiiduhim  has  rendered  an  Invuhuible  service  to  the 
development  of  ISeismolog}*',  a  science  practically  founded  on  its 
modern  basis  by  Pltifessor  John  Milne,  who  pursues  the  subject 
with  indeftitijiable  encr«jy  and  zeal.  The  instrument  is  simple  in 
cuii^^tiuctiun,  and  enaL)lc.s  us  to  see  some  interesting  featni"cs  in 
the  earthquake  motion,  which  arc  not  so  obviously  sliown  by 
other  seismographs.  In  the  present  case,  the  recoinls  obtained 
at  5  British  stations,  San  Fernando,  Christchurch,  Wellington,  and 
some  other  places  ai"e  very  satisfactoiy. 

65.  Time  of  Ocfttri'encif  antf  IMiration.  Tlu'  times  of 
OCCUll'enee  of  tlie  ditlerent  pliases  and  the  total  liuration  of  the 
Kaiigra  earthquake  of  April  4,  1U05,  obsuned  at  the  difiei'eut 
stations,  us  given  in  I'rofessor  Milne*s  Ciixiular,  No.  13,  are 
contained  in  the  following  table. 


TABLE  Vlll.    liKliun  Eiirtli<iii;tk('  of  Aiiril  1,  UMUi.  observed 
with  Milne  Horizonlal  Pendulums. 
(Extract  fiurn  I'lvfesHoi-  MiIimj'h  t'irculiir,  Xo. 


Station. 

i    1'.  T. 
1  Commence. 

Max. 

Mux. 
Aiiii)lila(le. 

Dnratioii. 

Slude. 
If 

(0) 

u  III 

ji    1  6.9 

1 

tt  til 
1  HO.(l 

1  23.7 

iiini 

l(i.U=a 
13.U 

<-'"^ 

r'S-t'-luter) 
14m  btM) 
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1 

•SUitiuu.  1 

< 

P.  T. 
Cummeittse. 

1 

Max. 
Aiu|riiiiiide. 

Durutiuu. 

Kfiw  ObmrvatoorVk 

Il  III 
1  0.'i 

Il  «i 

1  29.2 

15.H 

Il  III 

a  48 

liverpocd  Ob.,  Bidstoii. 

0  58.8 

I  d0.ti 

ll.({ 

4  22 

Soyal  Ob.,  Ediubutgb. 

1  0.0 

1  31.5 

16.0 

3  43 

The  Coato  Ob.,  Ptudey. 

1  0.4 

1  30.7 

>14.0 

3  40 

SiiQ  1  eruaudo. 

1  2.5 

i  -.MM 

8.76 

lV)utH  Delgwia,  St  Slignel, 
(Ajsoros.) 

1  1.0 

1  54.5 

2.3 

2  32^ 

Koyal  Ob.,  Oape  of  O.  H. 

1  ±0 

1  46.0 

3.0 

2  10 

AH]X)ii:  Observatory, 
liunibuv  ( Coliiba^ 

(►  ;V2. 
(1  .V2/> 

V 

• 

3  39 

4  19.6 

3  36 

KodaikiuiaL 

0  r»5.() 

>22.0 

Uatavia. 

0  68.6 

1  1.9 

7.0 

a  — 

lialtiuiuru. 

!  1  io.o(?) 

1  ' 

2  ItUI 

3.0 

Beir&t,  HjTia. 

0  5H.0 

1  24| 

18.6 

3  59 

ToKOttto.' 

1  14.<l(?) 

1  r»4.3 

4.0 

3  26.8 

Yiekolia,  B.  C. 

1  14.0 

1  61.1 

6.3 

3  26.3 

In  the  uiiulysis  of  tlic  MiUic  liomoiital  poiululum  rcx,'ur<l,  the 
period  of  vibration  has  l)een  lacatsiUHid,  in  .several  cuscs,  by  the 
use  of  0.  magnifying  Iook.  The  always  clonotes  tlio  motion 
as  actually  tracc<l  on  pliotu^^nain. 

66.  lit'itiHh  Stdtionti  and  San  I'ei'iumdo,  J*'oi'  tin*  .sake  of 
coniparidoii  let  us  lirst  (1es{?ril>e  the  seisiiu>;j:rai)li!i  ubtanie<1  at  tlio 
i)  British  stations  of  Shidc,  Kew,  Bidston,  Edinburgh,  and  Paisley, 
and  the  Spanish  station  of  San  Fernando.  The  records  ut  these 
phices  are  given  in  PL*.  XVIII  and  XIX,  tliu  PuhHcatkns,  Xo.  2S. 
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67.  Shide,   Xewport,  Iblo  of  Wight,  £iigkiid. 

(Profesaor  J.  Milne,  F.B.S,   Asedstant,  S.  Hirota). 

The  earthquake  was  recorded  by  two  instraments  B  and  C, 

of  the  following;  constants  : — 

H,    Teiioti- 2n  s."<-.  1"  turu=9iaiu. 

C    Peritxl  —  20  see. 
C  poudulum  ia  without  n  calibrating  screw. 
B  recoids  N.S.  moiioa,  while  C  leooaDds  liXW.  motion. 

Horis^nlxd  Pendulum  B,  C'onin\enwincnt=l*  1.0"  In  the 
strongest  i»art,  y'=20.U  sec.  (pciiduliun  oscillations),  the  max. 
trace  of  2;i  mni  havhig  occuired  at  1"  30.0'".  TIio  motiuu  waa 
more  or  less  active  till  2**  ^.5*°.  beooming  thereafter  very  small, 
till  the  commencement  of  the  group. 

The  latter  first  appeared  at  3*  4.6"'  and  the  max.  trace  of 
2.5  mm  was  gradually  reached  at  3''2;i.  l"';  theie  l>eing  iu  the 
iiitenal  ultojictlier  0  max  groups^  at  an  aveitigt-  intt?rval  of  al»out 
3m  g2>.  xhe  Wt  motion  may  be  reigarded  as  having  lasted  about 
54-. 

A  slight  thickening  of  the  line  at  about  4"  37"  may  cor- 

respoiid  to  the  motion. 

Hor.  Pendulum  C.  Cohiiik  nccment=  1'' 0.2"'.  in  the  strongs 
est  portion,  2*=  21  see.  (pendulum  oscilkitious),  the  max.  trace  of 
27  mm  having  occmred  at  l**  22.7*".  The  motion  was  more  or 
less  active  till  2"  40"  becoming  thei^ffcer  much  sinalltM*. 

Tlic  (lia]L:iaiii  is  somewhat  difli'ivnt  iVuni  that  descrihi'd  above, 
especially  in  the  W.^  gronp,  which  hittt  beuMii  a1  :T'  8.'t"'.  For 
tho  next  12*^  24%  the  motion  was  small  and  doubtful.  TJien,  at 
3^  20"  24',  there  occiured  a  small  maximum  (which  is  marked 
a  in  the  diagram).  For  the  next  27*  tlie  motion  was  well 
dciined  and  consisleil  of  a  nniubcr  of  max.  muvenu  nt.s  (marked 
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5t  e,  0,  f).  These  small  groups,  a  to  /,  can  bo  identified  in  the 
B-pendulum  record,  although  the  amplitudes  differ  much  in  the 
two  diagi-aras.   The  greatest  2a  of  3.6  mm  took  place  at  3"  38.7"*. 

For  the  iioxt  14"  30",  the  motion  was  iiuicli   yimiller  but  nearly 
constant,  tlie  \\\  group  liaviiig  lastHl  alto<j;rtlior  l**  0"". 
The       group  occurred  at  about  4"  32.5"". 

09.  Kew,  EngTatid.    National  Physical  Laboratory,  Kew 

OV)servatory.  ( I  )irrct()r.  II. T.  <  i  la/chrook.  D.  Sc..  F.T^.S.;  Suporint- 
endent.  C.  Chi-oc,  LL.  1).,  >\K.S.;  Ol>server,  E.  (i.  Constable.) 

Commencements  1"  0.2*°.   Total  Dnration=3"  48,1"'. 

1st  and  2nd  PreUmimry  Tk'emors*  The  entaro  Ihiration=13.0'". 
For  the  first  4.5'"  the  motion  was  very  small.  Then  the  motion 
iiicroa.scd  sli;,^]itly  and  icniahicd  nearly  constant  iov  the  next 
Dui'iug  tho  remaining  -l.J)'"  the  motion  was  again  slightly  larger, 
there  being  4  maximum  gronpg,  Y^hich  occurred  at  an  average 
interval  of  1"*  38 . 

Principal  and  End  Portions.  For  the  first  1.5"  tlie  motion 
<:;ia(liially  s\v(41e(l  up  to  u  max.  of  3.5  mm,  beinjj^  the  result  of 
the  proj^er  oscillations  of  the  pendulum.  For  tho  next  l.o'"  the 
motion  was  small.  For  the  next  4.0*"  the  motion  was  larger, 
the  max.  2a  of  4.4  mm  occurring  at  the  commencement. 

For  the  next  2.0"  the  motion  was  smaller;  there  being 
several  nunimuni  eiK>ehs,  probably  due  to  the  ap^x'arance  of  slow- 
vibrations,  which  prevented  the  p<^*iiduium  from  swaying  into  the 
proper  oscillation.  The  time  of  commencement  of  this  phase 
was  20.2"  after  the  beginning  of  the  earthquake. 

Then,  at  1"  23.2"",  there  appeared  a  maximum  group,  which 
lasted  n,'.)"'  and  was  composed  of  2  subdivisions.  This  was 
foUoweil  by  a  minim um,  and  thou  by  the  absolute  maximum 
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gpoap*  which  lasted  3.0"*  and  whoao  greatest  2a  of  30.0  mm 
occurred  at  T  29.2" 

Themtfter  the  motion  was  much  smaller  and  remained 

foi'  tlu'  next  on  tho  whole  ooustaut ;    there  beuiir   7  max. 

gmnps,  wliose  aveiaj^o  iiiiervnl  was  4,1"'  and  of  which  tht^  3rd 
one  Jiad  the  greatest  2a  of  13  mm.  For  the  next  7.0'",  the 
motion  was  smaller : — max.  2a=d.O  mm.  For  the  next  Sl.S"* 
tho  motion  wns  a«:ain  larger  (max.  2a=ft  mm) ;  there  being  a 
series  of  maxiiiuini  jrroin>s.  (The  end  of  this  e|KX-]i  tv'rts  at  2'' 
28. 2"'.)  Tlie  sul)StH|nent  motion  was  nuieii  smaller  (max.  2(i  =  2.0 
mm),  the  ampiitiido  remaining  for  tho  next  50"  nearly  constant. 
For  the  next  30"*  the  motion  was  small,  being  nearly  the  same 
as  in  the  2nd  stage  of  tho  preliminary  tremor. 

W..  The  W.  motion  began  at  3"  SCO",  when  the  motion 
iMH-ame  lar«itn  a^ain  and  remained  active  for  the  next  27"',  com- 
prising a  number  of  max.  groups.   The  greatest  2a  was  2.0  mm. 

69.  BMgfou  ilA^ferpooC^t  England.  Liveipool  Observatoiy. 
(Director,  W.  E.  Phimmer.)   Time  of  Commencement=l'' O"  36V 

Total  r)umtion=:4\ 

The  motion  during  the  successive  opoelis  was  as  follows  :— 

( i  )   For  .^.l" :  amalt  htit  disHiMt. 

(ii)  „    4.0'":  lnv«?»^r,  ami:.  2ff— 1.0  nnn. 

(iii)  .,    2.9'";  max.  2a -  2.0  nun,  m'cnrml  at  tlif  (•oinincnccint'iit. 

(iv)  „    C%jy^ :  thfro  wot-p  '^  small   umviinuin  ;j;n»ii])H,  tlio   \\\x\  and 

4tli  liavin*];  tho  max.  2a  of  H.O  mm.  7^—21.2  roc 

(v)  „    l>.7™:  tlio    motion  p;i-adiiftlly  readied  a  max.  2rt— 4.5  mm, 

there  Ixan^,  liowevor,  nmong  it  some  altematioiis  of 
niAX.  and  min.  T=19.2aec. 

So  far  Uio  motion  lasted  23.3"'  and  may   l)e  regarded  as 
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roughly  corresponding  to  the  1st  and  2nd  preliminaiy  tremors 
and  the  1st  and  2nd  phases  of  the  principal  portion. 

(vi)  For  d.7  :  thoro  was  a  single  gmii]),  tho  motion  gradually  letK'lung 
A  max.  2a =12.(1  mm,  and  agaiu  gnulnnll3-  dlmiuisliiug  to  a 
minimnni.  This  epochp  whidi  commence  afc  P  23"  64%  pro* 
haUy  corresponds  to  the  3xd  phase  of  the  prindpsl  portioD, 
the  maximum  motion  having  occarred  at  1"  28"  54".  7*:=  18.3 
sec. 

(rii)  For  3.6" :  there  were  4  max.  groups,  of  which  the  3rd  had  the 
max.  2a  of  11.4  mm.    Z'=:19.4  aee. 

(viii)  For  8.3"* :  there  was  a  single  gi*on]),  gnuluuUy  veacMng  the 

abwlute  max.  2a  =  20.0  mm,  at  1''  20"'  48». 

(ix)  For  30,8"':  the  motion  remained  on  thn   whole  ooitstaut  (max. 

— 11,0  nimV  thfMi'  Irt'iag  a  series  f>f  max.  giwips.     At  tlie 
middle  of  this  epx'li,  T  wn-s  IS. 8  sw. 

(x)  For  13.4"':  there  was  not  imvAi  alt<n-nation  of  max.  and  mtn. 

groaps,  the  2a  dirainisliiug  iu  1.9  mm ;  2*=:  18.2  sec. 

The  siibsoqnont  motion  whs  much  smallov.  and  may  bo  taken 
as  the  eiid  portion: — /'=:18.-2  .^ec.  Among  a  nnmber  of  max. 
groups,  there  were  two  well  defined  ones,  ins  follows : — 

(1)  2«=2.0  mm,  lietweeu  2''  22"'  0"  and  2''  35'"  12" ; 

(2)  2a:=l.<;      .     „       2  39  30  aud  2  49  30. 

IT,.  The  motion  appeai-ed  at  3"  28"*  58%  there  being,  for 
the  next  13"  18%  a  continnmia  max.  j^i  onp,  till  3*  44"  6*.  The 

max.  2a  of  4. J  mm  oc(  uit(m1  at  3"  37'"  48" ;  7  =  17.5  sec.  The  snb- 
seqnont  motion  was  smaller.  The  period  T  was  21.2  sec.  in  the 
epoch  corresponding  to  the  earlier  part  of  the  2nd  preliminary 
tremor,  and  17.5  sec.  in  what  may  coirespond  to  the  3rd  phase 
of  the  principal  portion  of  the  motion.  The  0  other  values 
oi'  the  period  given  above  vaiiec).  between  18.3  and  1U.4  sec, 
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the  avoingo  bein*:  1H.7  8l«c.,  wliich  evidently  icpieHents  the  oscil- 
lation period  of  the  pendnlum. 

70.  Edinhftrgh,  Scotland.  "Royal  Observatory.  (Director, 
Dr.  K.  C'opeland.  Observer,  TlioniRs  ITcatli.) 

Time  of  Commencementrrl"  0'"  0".   Total  Dumtion=3"  43". 

The  Edinburgh  diagram  is  very  mach  similar,  almost  gronp 
for  group,  to  that  obtained  at  Kew.  The  instruments  at  these  t^'O 
stations  had  probably  nearly  i^[m\  oscillation  periods.  The  move- 
ments iu  the  successive  stages  of  motion  were  as  follows  : — 

( i )  For  (>.5"* :  the  motion  was  very  small. 

(ii)  „   n.O*":  the  motion  rapidly  reaelied  a  max.  2a  ol  4.0  mm,  at 

2.0"'  from  the  oommenoemout,  thence  beiug  gi'adnally  lednoed 

to  a  ]iiiiii)nnm. 

(iii)  „  :  ;i  iimx.  2a  of  5.5  laiii  was  p^rndnnlly  loac-lietl  at  H.l)"' 

froui  tJio  oommeucemeut,  thence  beiug  ugaiu  i-educed  to  a 
mim'mnni. 

(iv)  „    0.0°*:  there  was  an  ill  defined  max.  granp^  2a  :=  3.6  mm. 

So  fflr  tlio  motion  altojrother  lasted  22.7*"  and  conesponds  to  tlie 
1st  and  2nd  preliminary  licnior  and  the  Ist  and  2nd  phases  of  the 
principal  portion.  The  following  three  epochs,  (v)  to  (vii),  which 
began  at  I"  22."  G,  and  together  lasted  9.7*"  probably  corresponds 
to  the  3rd  phase  of  the  principal  portion. 

(t)  For  2.2":  there  was  a  aing^  max.  gnrap^  2a=;10.0mm. 

(vi)  „  2.9*" :  there  were  two  max.  gronps»  each  having  max.  2a  of  18.0 

mm. 

(vii)  4.6*":  the  motion  was  most  active  and  consiBted  of  two 
main  gixmps,  the  2nd  having  max.2a  of  32  mm,  whidt 
oocmred  at  1*31.6*  ' 

(viii)  „  21,0  m:  the  luotiou  becaujo  much  smaller  (iimx.  2a  =  8.0  mm), 
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thei-e  l)eiiig  a  seiie.s  ol  abuut  11  max.  giuupi^  whose  uveitigu 

iuttii'val  was  '2.1™. 
(is)    Fov  9.6"':  there  wei-e  5  max.  gmnps  (max.  2a=0.0ium)t  >vitU 

an  average  iutenal  o£  1.U'".   Tlie  Itft  3  groups  are  nearly 

amalgamated  into  one  ooDtinnons  inasdmum. 
(y)     „   7.3"" :  tlieiB  was  a  ocmiiinioiis  max.  group,  max.  2a =5.0  mm. 

(xi)  „   2.0" :  a  small  max.  gionp^  2as=3.0  mm. 

(xii)  TLen  followed  a  max.  gnmp^  wliose  wax.  2a=6.0 

at  » 13.4». 

(  vlii)  Ihe  subseqneiit  max.  gtonpswetie  moreurluMS  active  (max.  Sass 

2.5  mm)  up  to  2" 

(xiv)  For  lil.vi'":  tJie  mutiuu  was  ou  the  whole  coiLsUiut ;  max.  2«=: 

l.i  mm. 

(xv)  „    'A'.i.'S'" :  the  motiuu  was  smullur,  ami  uuaii)'  cuuiiUut;  max. 

2a— 1.U  mm. 

Wi,   The  TKj  motion  appeared  at  S*"  46.0'",  forming  a  max. 

giuup  for  alxmt  13.3"';  max.  2a=:2.0mm. 

7L  Balsley,  Scotland. 

Tho  Coats  Observatory.    (SuiK'rintondont,  David  Crilloy.) 
'rime  of  C'ommc'iieeraent:=l"  0.0".    T<»tHl  DuiatiuiiirrlV'  10'". 
Id  Preliminary  Tremor.    Dmutiun=ii.3"'.    The  mutiuu  was 
very  small  duhng  the  iirat  4.1". 

The  sabsequent  movements  were  as  follows. 

(i )  Fur  11. H'":  tho  motiou  was  latge;  max.  2a=3.7mm. 

(ii)  „     4.6"*;  the  motiou  was  again  smaller. 

(iii)  „   13.7"*:  the  most  active  part  of  motiun,  commeucing  at  l** 

23.9<".  The  max.  gnmp^  (2a =32.5  mm,)  oocnrred  at  l'*31.2". 

(iv )  „   12.2"* :  tlie  motiou  was  smaller,  but  stiU  active ;  max.  2a= 
lOmm. 

(v)  „   29.6":  the  motion  was  nearly  oonstant;  max.  2a=5.0mm. 
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Tliereal'tc'i'  tlie  motion  bLfumc  a^jaiu  smaller,  l)uing,  however, 
more  or  less  activo  till  3"  18*". 

Wt,  Tlie  motion  bcgftn  at  3''48.4*',  thoro  being,  during  tho' 
next  18.5*",  two  main  groups,  2a  of  tho  first  being  1.8  ram. 

73.  San  X^rnawdo,  Sptiin. 

Institute  y  Observatorio  do  Maiina.   (Director,  Capitan  do 

Timo  ul'  Cunuiu  nc'cmi'iit^l"  Tutal  Duration -o'' 40"'. 

The  a&n  Fernando  seismogram  is  much  similar  to  those 
obtained  at  Edinburgh  and  Kew ;  especially,  between  the  com- 
mencement of  the  Zrd  phase  of  the  principal  ix)rtion  and  about 
2''  30.7"',  and  also  in  tlic  end  porti<ni,  ihv  San  Fernando  and 
Kew  dia;,'rams  arc  almost  identical  ;^n»iij)  for  <;roui). 

The  motion  was  very  small  during  the  hrst  9.2"*.  Then, 
at  1"  12.3"  there  took  place  the  first  max.  group  (2a=2.0mm). 
What  may  be  ri><^arded  as  the  3id  phase  of  the  principal  portion 
bcpni  at  1''  27.1'".  Tho  times  of  occurrence  and  the  2<7's  of  tho 
succcscjive  maximum  movemeuts  arc  given  in  the  following  list.* 


Time. 

Max.  2a. 

Time. 

Max.  2a. 

b  01 

k  III 

mm 

1  16.0 

£50 

1  45.5 

5.25 

1  23.0 

3.75 

1  57.6 

6.25 

1  26.0 

4.25 

2  1.5 

6,60 

1  29.0 

8.76 

2  6.5 

4.25 

1  34.U 

8.75 

2  14.0 

4.25 

1  36.0 

().7r) 

2  23.0 

2.25 

1  39.0 

7.25 

3  38.5 

2.00 

1  il.O 

6.25 

3  46.0 

1.50 

1  42.0 

6.25 

*  Thto  Ibt  VM  kiiidlir  fufuidied  hy  Cap.  Aaouato. 


Digitized  by  Google 


126 


Wi,  The  W.,  motion  ln'^aii  at  o"  30.7"\  la.sting  lor  about 
20"    The  max.  2a  was  3.7  mm. 

7$*  J/ew  Zealand  (kecords. 

Tho  8eismogt*ams  obtained  at  Wellington  and  Christchurch 
arc  njnodiucd  in  fM.  XXI.  ihv  Pu  hi  tea  I  ions,  X(\  !i3,  8omo  of  tho 
nioie  piommuiit  muxiiua  idcnlitiud  in  the  two  leuords  arc  niaikcd 
by  the  letters  a,  b,  c,  Xt  y, 

74.   WcUington,  New  Zealand.   (Ob^i'ver,  G.  Hogbcn,  M.  A.) 

Time  of  Cominencement=l"  9.8".   Total  D«iation=3'' 40". 

For  tlie  lirst  1 0.0"',  the  motion  was  extremely  small.  At 
1''  17.")'"  there  took  place  a  very  sliglit  maximum,  the  motion  for 
tho  next  2.2"  being  again  small.  Then  took  place  the  first  well 
defined  maximum  motion.  This,  marked  a,  and  the  subsequent 
maxima,  marked     c^. . .  .y,     were  as  follows: — 

fl  T' 19.8"',  '2a    1.2  mm 

L       1  25.(i  ,  2a=2.1 

c.  1  26.9  ,  2«=1.1 

d.  1  29.9  ,  2a=rl.8 

The  eiXKjh  betwfeii  the  eouinujiu  t'iiKiit  and  d,  who8e  dur- 
ation was  20. 1"^  probably  con'espouds  to  the  let  prehminaiy 
tremor.  For  the  next  13.0"  tho  motion  consisted  of  a  series  of 
small  maximum  groups,  the  greatest  being  the  following: — 

e.  1"  41.8'",  2a=3.Uiom 

Judging  from  the  Christchurch  diagram,  the  subsequent  por- 
tion seems  to  be  made  up  of  long  jxiriod  vibrations,  and  the 
next  17.1'"  proluiMy  eorrespomls  to  the  1st  and  2nd  phases  of 
the  principal  portion.  For  the  first  8.9*"  of  this  poi-tion  the 
motion  was  small,  the  max.  2a  being  6.0  mm.    For  tho  romain- 
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iiig  8.2 ',  tlie  motion  was  much  gieutcr,  thu  two  inaxiiiui 
Lx^iiig  as  foliows  : — 

(/.....  1"  57.0"',    2a  - 13.6  luiu 

[  g.  1  69.9  ,  2a=;U.G  „ 
For  the  next  14.S'",  which  pi'obably  oorroBpondtt  to  the  3rd 
phase  of  the  principal  poi-tiou«  the  motion  consisted  essentially 
of  2  groups  of  maxinia,  wlik'li  lasttil  '>.()  aiui  7.0'"  rcspc^ctivcly, 
the  two  iKMnjj;  sopaiatcd  by  a  miiiiiuum  wliobe  dunitioii  was 
2.2*".  The  1st  gi'oup  consisted  of  3  sub-maxima,  whoso  lii'st 
and  3rd  ones  were  as  follows : — 


The  2nd  ffiwip  also  oonsisted  of  3  maxiniu,  whose  lirst  two 
were  as  follows  : — 


Theimfter  the  motion  became  much  smaller  and  consisted, 
for  the  next  13.2'",  of  7  max.  groups,  ilie  first  of  which  has  a 
max.  2a  of  6.8  mm :  the  times  of  occurrence  ol  the  maximum 

movciiicaU  being  as  fullt)ws  : — 


I  o.       2  21.5 

Wt,   The       motion  appeared  at  2^  29.3"  and  continued  for 
15.4"*,  ihsve  being  two  weU  defined  mas.  groups,  as  follows: — 
......  3'*  29.3'",   2a = 6.0  mm ; 

(.      2  34.8  ,    2a  =  2.0   „  . 
Fur   the   jicxt  -'l).."/',   tlio  in()tinn   i^uiisisti'tl  of    a   snu  s  uf 
dcUiched  maxima  (greatest  2a=2.4  mm),  some  of  which  occurred 
as  follows : — 


20  3.2",  2a=23.0inm 
3  4.9  ,   3a^21.0  „ 
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f  «... .  .2"  51.1'"  w... .  .3"  LO"* 

I  V.      2  m,l  X.      3  12.G 

For  the  next  14.0'",  the  iinstion  was  small. 

„       11.3"',  tiu  re  was  a  series  of  max.  groups,  of 
which  tho  greatest  was  tlic  foUowing : — 

y  a*  36.7",  2a  ^2.0  mm. 

For  tho  next  7.5™,  the  motiiui  was  small. 
„        „     10.0"*,  there  was  a  max.  group  : — 
«.  3<'60.0",  2a =1.2  mm. 

Thereafter  the  motion  became  mnch  smaller.    At  4**  36.6", 

however,  there  ap}X»aiP(l  ii  sli<:ht  l»iif  distinct  t(roii|),  consistin*:  of 
2  maxima;  2<i=0,7  mm.  These  lasted  aUnit  O"*,  the  subsequent 
motion  beiuj^  very  nmall  and  doubtfuL 

76,  Christehureh,  New  Zealand.  Magnetic  Observatoiy, 
(Observer,  Henry  F.  Skey,  B.  Sc.) 

Time  of  Commencements  1*  10.0".   Total  Duration = Si" 

The  (liMgram,  which  is  very  disthiet,  is  on  the  wliolc  similnv 
to  that  obtained  at  Wi'lUngton.  The  successive  maxima  were 
as  follows. 


Maximum. 

Time  of 
OccTtrreucft. 

  ■] 

2a.  i 

Time  of 
Occnnenoe* 

2a. 

a 

k  m 

1  17.5 

mni 

1.7  1 

h  « 

2  5.5 

mm 

b 

1 

2.0  ! 

h 

2  8.0 

17.0 

e 

1  25.9 

:J.9 

a 

t 

2  !:;.(> 

14  '> 

d 

1  ao.i 

5.0 

• 

2  17.4 

9.5 

e 

1  I4.r, 

3.0 

it 

2  '10.(1 

KU 

/ 

2  2.4 

14.0 

1  ' 

2  24.2 

9,0 
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Maxitntaiin. 

Time  of 
(JccuiTeuc*. 

2a. 

1 

Marimnin. 

Time  of 

( VcniTcucc. 

2a. 

m 

Ii  ni 

•2  '2«;.:{ 

mm 

10.0 

t 

ti  m 

2  45.7 

mm 

2.9 

n 

2  2B.9 

ri.4 

u 

:i  4.4 

o 

2  30.4 

(I.B 

V 

a  8.3 

3.9 

P 

2  32.0 

5.0 

Vf 

3  15.1 

2.1 

9 

2  34.7 

2.1 

X 

3  22.2 

1.7 

r 

2  B5.8 

8.2 

V 

3  53.1 

1.2 

2  38.8 

6.1 

t 

4  11.2 

0.9 

Notes  to  the  above  table: — . 

Between  the  commenceraent  of  the  earthquake  and  (a),  the 
motion  waa  extremely  small. 

Between  {a)  and  {d),  both  inoliimvo.  there  were  0  maximnm 
groups,  voi-y  nearly  eqniclistant.  llu'  iiveni;;e  inttTvai  being  2.5"'. 
For  some  interval  after  {<'),  '/^^S.Ogec. 
Other  roeasnrements  of  the  period  were  as  follows : — 

Between  (/)  and  {k) :  7*=  18.0  «». 

(//)  and  {k) :  „  =^16.3  „ 
<>>)   :  „  =15.5  „ 

The  lust  tluTH'  <let<'rniinations  j^ive  tlie  averajie  valne  of  10.0 
see.,  which  muat  be  the  o.scillation  period  of  the  penduiam.  The 
period  of  28  sec.,  for  (f?),  was  probabl}*'  that  of  the  earthquake 
motion  at  that  particular  epoch. 

76.  Mnnritina,  Vx<\y\\\  Aitrml  Observatory.  (Wroctor.  T.  F. 
Claxton,  F.R.A.»S.  Assistant  Director,  A.  Walter.) 

The  seismogitiph  had  two  components,  E\V  and  NS,  the 
sensibilities  to  tilting  being  as  follows : — 
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NS  Component:  lmm=0:'29; 

Time  of  OommoncementrsO"  58"  64".   Total  DnTation=:2\ 
Ut  Prelmhkary  Tremor,    Tho  motion  was  very  small,  tho 

duration  being  as  follows  : — • 

NS  8.0";    EW  8,8". 

Mwiu  dnmtion=8"'  9\ 

2nd  Preliminanj  Tremor,   The  duration  was  as  follows  : — 

J  KS  9.4";  EW  8.6*. 

I  Mean  dnTftticm=8"'69*. 

Then  there  took  place,  in  the  N8  f  rmivjncnt,  a  displacement 
of  the  pendulum  towards  the  north ;  the  EW  pendulum  remained 
in  position.  The  subsequent  record  is  very  obscure;  the  motion 
becoming  small  after  5"  52"*. 

77.  Cape  of  (Jood  Hope,  (PI.  XXT,  the  PiibUcationfi,  No.  23.) 
Koyal  Observfttory  (Director,  Sir  David  Gill.  K.  C.  B.,  F.  IL  S.) 

Time  of  Commencement =1"  2.5"".   Total  Duration:=2^  6"*. 

The  commencement  was  not  quite  distinct. 

IH  Preliminary  Tremor.    DnTation=9"'  57". 

2nd  Preliminanj  Tremor  began  with  a  max.  group  (2—4.0 
mm),  and  remained  for  the  next  23.3"'  smaller  than  1.5  mm. 
Then,  at  l''36.2"',  tho  motion  became  most  active  (max.  2a=5.2 
mm),  continuing  so  for  21.8". 

Thereafter  the  motion  became  smaller,  remfiining  nearly 
conf^tant  for  the  next  24. ;V  (max.  1^^=- 2.0  mm).  Tlie  Hubsctiiu  nt 
motion  gradually  diminished  ;  very  slight  but  distinct  movement 
being  indicated  for  furtlier  BO". 

YF»«  What  may  correspond  to  the  motion,  consisting  of 
a  very  slight  maximum,  appeared  at  3"  8. 3"", 
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78.   Toronto,  Ontario,  Canada.    (PI.  XXII,  tlie  Pubilcafiom^ 
No.  23.)     Met.  Observatory  (Directior,  K.  F.  Stupai-t,  F.  R.  S.  C). 
Time  of  Commenc6mene=l^  6.6"*.   Total  duiution^S"  33**. 
The  diagram  is  not  very  distinct. 

Ist  Preliminary  Tremor.  Dnrinjr  the  first  7.6"',  the  mortion 
was  veiy  sliglit  and  doubtful.  The  first  niaxinmin  gi\)up  occumxl 
at  1'  14.2"',  the  2a  bemg  1.2  mm,  and  lasting  for  3.0'". 

For  the  next  8.8"*,  the  motion  was  very  small. 

„     22.7",      „         was  larger  (2a r=  1.8  mm). 

Then,  at  1''  40.7"',  there  Ix'gan  tlie  most  active  i)ortion,  which 
lastefl  20.4'";  max.  lV*-().0  mm. 

For  the  next  3H. .'>'",  tlic  motion  was  smaller  but  more  or  loss 
active,  thenoc  gradually  decreasing. 

7».   JHetcria,  B.C.,  Canada.  (PlXXTl,  the  Bthfieafion^,  No  .23.) 

Meteorological  Observatory  (ISuperiiit<'ii(l('ut,  E.  IJuyius  ilcid). 

Time  of  CommenccnH  iit^r'  H.^'".   Total  dui-atiou=3"  33"*. 

For  the  first  37.0"",  the  motion  was  small : —  2a =2.0  mm. 

For  the  next  11.3"*,  the  motion  was  most  active : — 2a= 
12.4  mm. 

For  tl\e  next  22.0"',  tlit*  motion  remained  nearly  con.stant ; — 
2a=2.8  mm. 

The  motion  then  gradually  diminished. 

The  diagrams  at  Toronto  and  Victoria  are  similar  in  the 
earlier  part  of  the  motion. 

80.  Jktltimore,  Md.,  U.S.A.    (Prof.  Hany  Fielding  Heid.) 
Time  of  Commencemont=l'10>"30\   Total  DurationsSMO*". 
The  commencement  is  very  Indistinct,  the  Indication  becom- 
ing definite  first  at  1'  15"  48% 
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Tlie  total  duration  of  the  1st  and  2nd  picliniinaiy  tremors 
=42-  36"  (?) ;  2a=2.0  mm. 

The  most  active  paHi  began  at  1^  53"*  6"  and  remained  nearly 
constant  for  20"  24",  there  being  0  maximum  groups,  the  largest 
of  ^vhidl  {2a  =  i\.i)  nun)  occurred  at  2"  lO'". 

The  suhseqnent  niotion  was  much  smaller  (max,  2a=2.5  mm) 
and  remained  on  the  wliole  nearly  constant  for  the  next  15*"  30' ; 
there  being  4  max.  groups  occnmng  at  an  average  interval  of 
5"  10*.  These  4  j^ioups  c;)mpnsed  altogether  64  complete  (pen- 
dulum) uscillationH,  irivin*;  an  averaj^e  jx^riod  of  15.2  sec.  Thence 
the  motion  bwame  imaiii  much  smaller. 

The  duration  of  the  principal  portion  was  abont  49"'. 

The  end  of  motion  was  at  about  4^  50"*. 

Wi.  What  may  correspond  to  the  motion  occurix'd  at 
about  ;V'  la*"  30";  2a-0,S  mm. 

81.   Calcutta,  India.    (PI.  XX,  the  rublkaUons,  No.  23). 
AJipore  Observatory.     (Director,  G.  W.  Kiichler,  Assistant 
Meteorological  Bepoiier). 

The  motion  began  very  giiidually,  tlie  dumtion  of  the  ja-e- 
liiuiuary  tremor  Ijeiug  about  3'"  0*.  For  the  next  15"'  18",  the 
motion  was  veiy  active  and  the  boom  end  swang  through  the 
whole  width  of  the  photogmphic  paper.  For  the  next  13"*  24', 
the  motion  was  still  active,  but  consisted  in  5  max.  groups.. 
Then  the  motion  gmdually  diminished  till  about  8''  38"'  (Calcutta 
time).    Thei-eafter  it  rcTnained  very  small. 

began  at  9'  37  "  (Calcutta  Time),  or  at  2"  50'"  after  the 
commencement  of  the  etirthquake.  For  the  1st  13",  the  motion 
was  small  and  doubtful.  For  tlio  next  16*"  30^,  it  was  well  de- 
fined, the  last  group  having  a  max.  '2a  of  1.8  mm.    After  1'", 
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during  which  the  mutitm  was  small,  there  took  place  a  small 
max.  group  (2a =1.0  mm),  lasting  4.6*°.  This  latter  may  cor^ 
respond  to  Wy 

88i  Kodaikdnat,  Madras,  India. 

Solar  Physics  observatory.    (Director,  C.  .Mit-liie  Smitli.) 
Th&  instnimeut  hud  evidently  a  great  friction,  and  the  record 
16  not  satisfactory. 

Ciommenoement^S*' 16.3"  (Madras  Time),  or  0**  65.6"  (G.M.T.) 
Total  Xhiration=S'' 36". 

The  ls(  Preliiitinarij  Trenior  lasted  3"'  55\  tlu'  max.  '2a  Iteing 
1 .8  mm.  For  the  next  2""  1 9"  there  were  two  max.  gi'oups,  the 
first  baidng  the  max.  2a  of  22.6  mm.  Then  the  index  strack 
sideways  and  the  record  ^vas  not  given  till  8**  13"  (Madias  time), 
when  the  pointer  was  brouglit  back  by  hand  and  put  intj  the 
working  condition  airain.  The  motion  was  distinctly  shown  till 
8''  33.2"'  (Madras  time),  tlie  mux.  lia  diuing  this  interval  being 
about  1  mm.  Thereafter  tlie  motion  became  very  slight,  and  for 
the  next  58.5",  there  was  no  very  great  variation,  showing  a 
series  of  very  small  max.  groups. 

A  sniall  maxiiinnn  grou}),  similar  in  form  to  that   in  the 
Liverjx)ol  and  Edinburgh  diagrams,  occurred  at  8''  57.7"'  (Madras 
time).   This  may  coii'ospond  to  W^,  but  the  record  is  doubtful 
.and  the  above  may  be  a  time  signal. 

S3.    ColalMi,  r,(.iiil.ay.    (IM.  XX,  tlic  Puhlivafinu<,  No.  23.) 

Government  Observutury.    (DiiX'ctor,  N.A.F.  Moos.) 

Commencement =0'  Gi.O'".  Total  Duration=4''  lO.O"". 
The  diagram  is  on  the  whole  similar  to  the  Aliporc  one. 
Alter  the  preliminary  tremor,  which  lasted  3"  31%  the  motion  became 
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suddenly  large  and  contiimoti  very  active  for  8"'  42*.  Diiriog  the 
next  i)*"  42%  it  oonsisUxl  of  a  number  of  separate  maximum  groups. 
Thereafter  the  motion  gradually  diminished. 

The  identification  of  IV;  and  IK,  is  doubtfol. 


84.   Honolulu,  T.ll.'''    (Observer,  S.A.  Deel.    Compiler,  A.K 


BurUauk.) 


Commenflemeiit   l''04.'"0 

2iid  Gionp    108.7 

LoQg  Waves   1  15,  0 

1  35.  3  (2.5  mm) 
Maximum   1  47.  2  (4.5  „  ) 

1  55.  5  (6.2  „  ) 
End    5  20.  0 


Clmpter  IV.  Velocity  of  Propagotlon  of  the 
1st  Preliminary  Tremor. 

85.  PUicefi  situated  approxtmateljf  on  Same  Great  Clri^9 
of  the  £kirth  passinff  thi  otuj/t  the  Orhjin  oj  the  iMi'thquaJcc. 

Tlio  oiijriu  of  the  eartlniuake  under  couaideratiou  is  situated 
among  the  great  Himalayan  mountain  range,  in  the  middle  of  the 
extensive  continent  of  Asia.  A  question  which  naturally  presents 
itself  in  connection  with  the  transit  velocity  is  whether  or  not  the 
latter  differed  alou^'  the  various  routs  of  radial  propaj^ation.  \\'ith 
a  view  of  lindiiig  out  such  a  relation,  if  possible,  I  have  divided 
the  difi^ut  observing  stations  into  a  nimil>er  of  groups,  as  follows. 

Group  1.   Tat  ubayUf  Torcttio,  Victoria,  (B.C,  CoUba,  {(Bombay), 

*  Beprodiicfnl  trom  l'iufv8iM>r  Milue'ii  Circular.  Ku.  13. 
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f.  Oi&on: 


Kodaihaiial  {J^lddras).  Tlie  gi'eat  circle  coimectiiig  Tacubaya  with 
the  eaiiliquake  origin  passes  very  nearly  through  the  North  Pole ; 
the  Beismic  waves  being  propagated  through  the  Jlal  return  of  Sibe- 
ria and  Canada  and  the  depressed  tract  forming  the  Arctic  liasin. 
The  azimutli  of  Tacubaya  Avith  ies}x.'ct  to  the  origin,  or  the  direction 
of  tilt'  above  iiientione<l  great  circle  at  tlie  latter,  is  X  4'  30'  W. 

Toronto  and  Victoria,  B.Cm  are  situated  slightly  out  of  the 
same  circle.  Cokiba  (Bonilmy)  and  Kodaikanal  (Madras)  lie  nearly 
on  the  southern  prolongation  of  the  meridian  through  the  origin. 

(h\':;p  2.  Gycat  (BriU::;:,  j\oriii  (u  r;;ia::y,  ^atavia.  (ii-eufc 
Britain  and  Xorth  (ierniany  lie  approximately  on  a  great  circle 
passing  through  the  origin,  tho  seismic  waves  reaching  these  places 
after  traversing  through  tho  flat  ground*  of  the  Transcaspian  and 
South  Russian  districts.  The  staticais  belonging  to  this  group  arc 
as  follows. 

ih-i-At  liritaiii : — Kow,  Edinburgh,  Bii-miugliam,  bhidc,  Liver- 
pool, Paisley. 

XoHh  Goi-many : — Hamburg,  Potsdam,  Leipzig,  Gottingen,  Jena. 
Batavia  lies  nearly  on  the  southern  prolongation  of  the  same  great 

circle. 

Group  J.  Soiiih  ^iuUi'0'Hii;:gury;  S^oviii  Itdly ;  S\icclajc\i' ; 
Calcultaf  Tdur.goOj  Christchttrch  and  Wellington  {J/ t^o  Zealand) ; 
fRio  de  Janeiro  ;  (Pottta  CDelgada  (Azores)  ;  Taschkent,  Tiflis.  South 
Anstro-Hmigary  and  North  Italy  lie  nearly  on  tho  same  great 
circle  through  the  origin,  which  c  oiiisidcs  Avith  the  (  aiiciisiis  llunge; 
the  paths  of  the  eaithquake  propM^^ution  being  in  this  case  through 
mouniaimm  regiotis.  Assores,  Tiflis,  and  Taschkent  arc  also  not 
much  away  from  the  same  circle,  while  Calcutta,  Taungoo  (Burma), 
New  Zealand,  and  Bio  de  Janeiro  are  roughly  on  the  south-eastern 
prolongation  of  tho  latter. 
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Group  4.    Taschhcit.  Kvakaiij  Stvazdnivf:.  Calcutta. 

Group  jf,  Jaschkent,  Jwrjew  (0orpat),  Vpsala ;  (^orio  (ktco ; 
fBatavia.  The  great  circles  on  which  the  stations  of  those  two  groups 
are  situated  are  not  far  from  those^for  the  2nd  and  3rrl  ({ronpst. 

Group  0.  Jo.xi'.:.     Tlic   scwmic  mulitd   Japan  by 

paths  across  plateau  and  continent,  the  great  circU*  conneetitig 
the  origin  with  Tokyo  passing  through  Tibet,  the  valiey  of  the 
Hoang  Ho,  southern  extremity  of  Korea,  and  the  western  part  of 
the  Main  Island  of  Japan.  The  stations  of  this  group  are : — 
Tokyo,  Miziisawa,  Kobe,  Osaka,  and  Taihokii. 

Gnnip  7.  Tlfllz  ;  ^^cl^radc  ;  Ixl::a,  Jvit^s^i::^  ;  Qiicrcc,  XhKc^ 
niatto,  QtiariO'^Casidio  {Florence) ;  ^Stocoa  d!  papa  ;  Sa::  Forr.ar.do  ; 
Calcutta,  Tatmgoo ;  Wellington,  Christchnrch  {jWetv  Zealand).  All 
these  places  are  situated  approximately  on  one  and  the  samo 
«n*eat  circle ;  the  first  9  Ix'ing  towsi'ds  WNW,  and  the  remaining 
4  towaixis  h]6K,  of  the  earthquakt'  origin. 

Group  <S'.  lVa^^::::':io::.  ChdUnham,  Toronto.  Tiflis;  Kodai" 
kanal,  (Batavia.  All  those  places  are  approximately  on  one  and  the 
same  great  circle  thmngh  the  origin,  the  first  4  being  to  the 
NNW,  and  the  remaininfr  2  to  the  SSE.  of  the  latter. 

Group  g.    Ho::ol:uu  {Ihrn-a::).  Irkuf:!:. 

Group  :o.    Fori::o:u,  (Bairui  {^'!.::a  Minor). 

Single  Stations.  Those  places  which  do  not  make  groups  lying 
on  tt  gr«^t  circle  through  the  origin  are  as  follows : — Manila, 
Manritiiis,  Cape  To^^ni,  Haltimow. 

86.  Methods  of  CnJeulating  the  Velocities  of  Barthqunke 
I^rojmgatioH,*  There  are  two  distinct  mctiiods  of  the  velocity 
calculation,  as  follows : — 

(A)  **  Direct  Method,"  in  which  the  transit  velocity  is  obtained 

*  See  the  Bulletin  of  (he  Imperial  &irtfifpiak-t  Ini-tnlUjatlm  t'ommiUtt,  Vol.  I,  No.  I. 
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by  (livitling  the  epiccntral  distance  of  a  station  by  the  difference 
bC'tween  the  times  of  occurrence  of  a  particular  phase  of  motion 
at  the  latter  and  the  origin  of  distnrbance.  Thns,  if  x'  be  the 
epicentral  distance  of  a  place,  and     and     be  respectively  the 

times  of  occuiTcnce  at  tUv  latlvi  and  the  origin,  we  luive  :— 

(1*)  *' OifTei-enoe  Mt^lhod,"  in  wlii<,'li  the  veloeity  is  obtained 
by  dividing  tlie  difference  of  the  epieentral  di^taiicOM  of  any  two 
atations  by  the  difference  of  the  times  of  occurrence  of  a  given 
phacie  of  motion  at  these  stations.  Thns,  if  .t'  and  If  have  the 
same  meaning  as  before  and  if  and  /'^  be  the  corresponding 
qnantities  at  a  second  place,  we  iiave  : — 

IT  1^  X'  —  X"  OX 

Tlie  "  difTlM'onee  method  "  gives  always  a  lilghei'  value  of 
the  velocity  than  the  "  direct  method  " ;  the  discrepancy*  which 
becomes  smaller  with  the  increase  of  the  epicentral  distance, 
being  markedly  shown  up  to  the  distance  of  about  40'^. 

Ill  the  "  difference  method,"  we  have  no  need  of  ascertaining 
the  time  of  occurrence  at  the  origin  of  disturbance  ;  tlic  inaccuracy 
about  tlie  position  of  the  epicentre  being  also  avoided  in  a  great 
measure,  provided  those  stations  which  are  taken  for  combination 
lie  on  one  and  the  same  great  circle  passing  through  the  epicentre, 
on  one  side  of  which  they  are  all  situated. 

The  velocities  conesixjnding  to  the  coniuu^neement  of  the 
diff^nt  pliases  of  tlie  earthquake  motion  will  be  denoted  in 
subsequent  §§  by  the  same  symbols  as  in  my  former  papers, 
namely,  as  follows 

Vi  Velocity  of  the  l«t  prelimiimrj  tremor; 

  »  ^  »  M  > 
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ti^i  Velodty  of  the  1st  Phftse,  Prindpal  Fortioii 

t>4   „  2nd   „  „ 

Vi   „  3nl  „ 

Vs   »«  4tli    „  „ 

V7   n  otll     „  „ 

Vi.,   M  Eud  Porfcicui  (dth  IBection). 


In  the  velocity  calciilatiomi,  the  opicentrol  distance  (z)  has 
been  taken  to  denote  the  amtol  length  between  the  earthquake 

origin  and  a  <;ivcn  sttition. 

I  give  next  tlio  values  of  tlic  transit  voloeity  t',.  for  the  dif- 
ferent groups  of  stations,  deduced  according  both  to  tlie  direct 
method  and  the  **  difference  method";  all  the  necessary  data  being 
contained  in  Table  T.  For  the  **  direct  method  **  calculation,  the 
time  ofearthqnako  oeouiTeaco  at  tlie  «*piceiitre  has  been  assumed 
to  bo  /tt=0"49'"48'  U.M.T. 

87.  Onmpf*    Taett^ya;  Toronto;  Victoria,  B,C*;  €Maha 

(^Bombay)  ;  Kodaikanal  (Madrttft), 


y,    calculated  hv     Direct  MethcKi." 


Statiou. 

1  - 

128=47' 

1"  ll'"2:V 

2r":37' 

11.03 

Totonto^  yiotom,  B.C. 

99  B6 

1  OG  42 

IG  54 

10.91 

Golftba 

13  28 

0  53  08 

B  20 

7.48 

Kodaikanal 

21  35 

0  55  48 

0  00 

6.66 

The  mean  transit  velocity  along  the  rmit  approximately 
throu^i  the  NorOi  Pole,  deduced  from  the  observations  at  Tacubaya, 

Toronto,  iind  Vietoria,  was-,  for  ,r=114''  l-  ,al)oiit  10.97  km  per 
sec.  Tlie  time  of  coniniencenieut  given  by  the  Kodaikanal  register 
seems  to  be  somewhat  too  late* 
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Vi  cfdonlatod  bj  "  Diffewneo  Mefhod.*** 


Cbmtniiatian  oi.  StatioiDfl. 

m     1  (Toronto 
Victoria 

„       —  Colaba 

1  Victoria  ~'  " 

29»11' 
115  19 
86  08 

18  17 

11.46 
11.68 
11.76 

Tlio  valueH  of  r,  liero  obtiiined  ngroo  well  with  eacli  other 
and  vary  between  11.4i5  and  1 1.7(>  km  \)ev  sec.,  giving  the  average 
velocity  of  U.68  km  per  hoc.  This  is  about  0.7  km  greater  than 
the  value  found  by  tho  "direct  method,**  and  mny  be  regarded 
as  the  velocity  of  the  Ist  preliminary'  ti«mar  when  passing  through 
tlie  earth's  crust  near  tho  North  Pole. 

88.  Oraup  9,  Great  BrtUUn,  Jforih  Germany;  Bata»ia* 


v,   calculated  by  "  Du«ct  Method." 


Station. 

fSliide,  Kew,  Pftislor, 
Gi'etU  Z?nVam.H  Liverpool,  Uirmiugliaiu, 
(Edmbnigh. 

li      m  « 

1  (X)  21 

Ill  n 

10  3G 

km/nm*. 

10.31) 

NoHk  Cfermmy. 

Hambnig^  Leipzig, 
Potddam,  Gottiiigeii, 
^Jena. 

50  50 

0  S8  43 

8  55 

10.66 

Batavio. 

* 

42  35 

0  58  a:{ 

8  45 

9.01 

As  remarked  below,  the  time  given  by  the  Batavia  register 
seems  to  be  a  little  too  late.    The  results  obtained  for  the  two 

gi'oups  of  the  British  and  North  German  stations  are  praeiicuiiy 
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ideiiticul,  the  mean  velocity  btiu^  10.36  km  [k.'v  8CC.,  for  .r=54 
45'    Tlic  ])fith  of  the  earthquake  propagation  was,  in  these  cases, 
almost  eatiiely  across  flat  r€gioiiB. 


Vi  caksnlated  by    IMfEeieiiQe  Matbod.*' 


9» 

til  K 

kn/aae. 

Great  Britain— Nortli  Germanj 

I  41 

8.87 

„  -^Batavia 

1  51 

17.4  (?) 

IS.  Gennany^  „ 

8  15 

0  10 

91.7  (?) 

From  tliis  last  table  it  will  be  seen  that  the  Batavia  time 
was  a  little  too  late. 


89.  Group  3,  South  Austro.Hungary^  JS'ofth  Italy;  Ni- 
rolajrw :  Calcutta,  Tamujoo,  Christchnreh  and  Hellitujton; 
Jiio  (le  Jtuieifo,  J^outa  JJelgaUa  iAxores),  TciachketUy  Xlfiin,  * 


vi  calcntated      "Diieot  Method."* 


Station. 

9 

8odh  Austro-Svngary. 

Laibach. 

Triest. 

^PoJa. 

0  68  47 

in  K 

8  59 

km/aec. 

10.24 

Querce. 

North  JUO/y  ' 

Ximeuiauo. 

C^iiarto-Castello. 

^Padova. 

51  46 

0  €8  51 

9  03 

10.63 

Kioolajev. 

37  20 

0  58  54 

9  OG 

7.60 

Galcntta. 

13  42 

0  52  UO 

2  12 

11.53 

(•  Time  observation  of  Bio  ilc  Jiiticiro  wn«  not  satisfiu  tory,  ivbile  llio  time  of  commpnce- 
aicut  given  by  tbo  mognetogtapb  ul  Tunnguo  ij*  tbiit  corresponding  to  tlie  beginning  of  the 
pdM^  portioo.  Time  two  j^iwjNlMTak  thanflkigie^  been esdwlad  fnni  (lis  oitlMiIntiim of  Oi.) 
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Btatiou. 

X 

-A. 

New  Zealand  . . 

J  Ciij  isti-liuicli. 
"IWeUiugtDii. 

W 

1 

II 

09 

in 

20 

00 

10.6a 

Ponta  Delgada. 

79 

1 

01 

(N) 

11 

13 

13.31 

Tji«chkout. 

11 

20 

0 

5'2 

24 

2 

8.07 

27 

2(i 

0 

5o 

4« 

00 

8.47 

For  large  epioeiiti ;i  1  distances  of  over  50  ,  we  obtain,  by 
taking  the  means  from  the  South  Austro-H angary,  North  Italy, 
and  New  Zealand  stations,  a  velocity  of  104^0  km  per  sec.  The 
times  given  by  the  Calcutta  and  Ponta  Delgada  registers  were 
evidently  too  early,  while  that  for  Nicola  jew  was  a  little  too  late. 


The  mean  vahie  of  i\  tkcliieed  from  the  first  two  sets  of 
stations,  uuiuely,  10.45  km  per  sec.,  is  the  velocity  of  earthfiuakc 
propagation  partly  along  the  Caucasus  liauge.  This  value  is, 
however,  practically  identical  with  the  transit  velocity  for  the 
stations  of  Group  2,  for  which  the  path  of  propagation  is  situated 
across  the  Hat  grounds. 

*•  Difference  ^kieihod."  Tiie  South  Austro-lluiigary  and  North 
Italy  stations  are  near  one  another.  Takmg,  therefore,  the  means 
from  these,  we  obtain : — 


Combining  these  values  with  those  for  Calcutta,  Now  Zea- 
land, I'onta  Delgada,  Taschkent,  and  Tiflis,  we  obtain : — 


• 

station. 

8£ 

Calcuttji. 

37°  02' 

III  X 

0  49 

10.00 

(  Clll-istcLuiL'll. 

(>4  40 

11  06 

10.80 

(  Wellington.       •  •  •  •  *  
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Stuiiuu. 

djc 

13**  24' 

-  05 

(?) 

Pontft  Delgtida. 

29  10 

2  12 

34.73 

TaadilteDi 

H9  24 

(I  34 

11.37 

23  18 

3  00 

14.30 

Here  again  we  see  that  the  Calcutta  time  was  slightly  too 
early,  while  the  Pouta  Delgada  time  was  prohably  more  than  2 
minutes  too  early.    The  results  relating  to  these  two  stations 

ma,  tlicrefurc,  to  bo  excluded  from  the  discussion  of  the  velocity 
Pj.   We  have  fui'ther  : — 


ConiLiuatiou  of  Siationfi. 

ox 

New  Zealaiid-TaadikeDt. 

104*  04' 

n  ■ 

17  30 

11.01 

„  -Tiflis. 

«7  67 

14  06 

11.55 

Tiflis  -Taschkent. 

10  00 

3  24 

8.77 

Excepting  the  last  combination.  In  which  the  distance  (x)  ot 
each  station  was  small,  we  obtain  the  following  mean  value : — 
i>i=:lt8l  km  per  sec. 

The  cxcej)ti()iially  high  velocity  of  14.30  kin  jxr  sec,  obUiined 
by  cumbiiiing  Tillis  witli  Austro-llungariau  and  Italian  8tatiuii>^, 
can  not  otherwise  bo  explained  than  by  supposing  that  the  transit 
velocity  between  Tiflis  and  the  origin  of  disturbance  was  com* 
paratively  low. 
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90*   Group  4,  jPatehkeiii,  Krakau,  StroMburg  i  Calcuttaf 

v,    calookied  hy  "  Direct  MeUKxi." 


Siatiuu. 

X 

v, 

ir  20' 

0   52  24 

111  « 
2  -Mi 

8.07 

Krakati. 

15  'M) 

0   58  12 

8  24 

10.03 

0   58  m 

8  38 

11.48 

Gnkutia. 

13  42 

0  5-2  OU 

2  12 

11.53 

■ 

Vi  calculated 

by  "  Difiereuce  Method.  ' 

Combiiiaiiom  of  StatioiiB. 

dx 

Straenburg-Kxakan. 

8'  01' 

in  « 

0  14 

0U6{?) 

„  -Taadikfliit. 

42  11 

(i  02 

12.95 

-Calcnttn. 

39  49 

«  2() 

11.4G 

JviiikHu-TuisclikuuL. 

:{1  10 

5  48 

10.91 

„  -Calcutta. 

:J1  48 

«  12 

0.50 

Caluutta-Tafichkeut. 

2  22 

(-0  24) 

CO 

The  two  above  tables  show  tliat  both  the  Strassburg  and 

« 

Galcntta  timeB  were  somewhat  too  early.  Rejecting,  therefoie> 
the  results  relafcuig  to  these  two  places,  we  obtain  : — 

TafiehkenA  V|  (XMrect  Hetbod)     =  &07  kin/sec 

Kxakan.  Vi  „  =10.03  „ 

Kiakan-Taschkent.  ..Vi  (Difiexeiuje  M6liliod)=10.91  „ 
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9L   Group  o,   Poi'to  liico,  Batavia,  TkisclUcetit,  Upsala, 


V,  eakmlated  bj  <*  Diieofc  MaibacL" 


Statton. 

X 

Tii.ichkent. 

h     m  « 

m  ^ 

kill  »te. 

ir  20' 

0  52  24 

2  35 

8.07 

li.abivia. 

42  :J5 

0  58  33 

8  45 

9.01 

Jiirjew, 

42  49 

0  57  52 

8  04 

9.87 

t'p«al?i. 

47  41 

0  58  22 

.S  :!  4 

10. 'U 

Forto  Bioa 

118  25 

1  10  25 

20  a? 

10.64 

V,  calcnlated  by  **Diflki<eiM»  Melihod/' 


Combinatiou  of  Btatious. 

(i) 

Porto  liioo— 

70*  44' 

m  « 

12  03 

mk'ue. 

10.87 

(H) 

»• 

Jxirjew. 
Batavin. 

75  43 

11  52 

11.82 

(iii) 

M 

— Toschkeut. 

107  05 

18  01 

li.t»i 

(IT) 

Upsnla 

-1 

JnrjeM- 
Butjivia. 

4  59 

00  09 

61.6  (?) 

(▼) 

•» 

— Taacbkeut. 

'66  21 

5  58 

11.28 

(Ti) 

1  Jurjew  1 
(13a^viaj 

81  .22 

5  49 

9«99 

Excluding  (iv),  wr  ^et  the  following  mean  vahios: — 


*is=84«'  31',  r|=11.23  km/aec. 

aae=BB  52,  Vt =10.64  „ 

92.  Group  (i,  Japan  :-~TokyOf  Mixusawa  ;  Kobe,  Osaka, 
TadotHu ;  Taihoku,  The  timo  of  commemcemont  at  Tadotf^n  is 
sUghtiy  doubtful,  owing  to  some  indistinctness  in  the  time^mai-king, 
and  is,  therefore,  excluded  in  the  following  calculation  of  Vi. 


144  F-  <^ta»ori  : 


Vi  calculated  hy  "  Diiett  Method." 


>Statioii. 

Tokyo,  Miziwawa. 

1)      in  < 

0  no  n 

9  23 

10.17 

Oeaka,  Kobe. 

48  11 

0  ae 

8  51 

10.08  • 

Taifaolni. 

89  27 

0  57  19 

7  31 

9.72 

Taking  together  the  4  stations  of  Tokyo,  Mizusawa,  Osaka, 
and  Kol)e,  vvc  obtain : — 0]=10J18  km/aec. 


Vx  calciilated  by  "DUfevenoe  Method." 


Combiiistioit  ot  Sfatiptifi. 

A. 

Tokyo,  MismBatvA— Osaka,  Koke.  | 

8*  22' 

m  * 

0  32 

11.69 

— Tailiokn. 

12  06 

1  52 

12.00 

8  44 

1  20 

Mil 

Tho  aveiii«ro  vhUk'  of  r,  (U'duecnl  from  the  silMtvc  3  eombimi- 
tiong  is  11-93  km  per  hoc. 


98.  Group  7.  Tifiis;  Jie^gratle;  Itwhia,  Mesainaf  Quereef 
XimenianOf  QuariOmCasieUo  C^iorenee)  ;  Moeea  di  papa  $  San 
IPemmndo;  CaXenHa^  Taungoo*;   WeUington,  €ltH9iefmreh 

{New  Zealand)* 


V,  cnlcnlnted  by  "Direct  Method." 


Station. 

X 

h 

m 

a 

m  « 

TifliH. 

27*  2C' 

0 

55 

48 

6  00 

8.47 

Belgrade. 

45  29 

0 

57 

47 

7  69 

10.55 
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Station. 

X 

fiflP  08' 

li      ni  • 

0  58  58 

m  * 

9  10 

km  M«. 

10.13 

(Querce,  Ximf^uiano,  Qimrto- 

0  58  "if) 

9  07 

lO.Cl 

San  Fernando. 

iU)  47 

1  02  30 

12  42 

9.74 

WeUiogtoii,  Ghriatcbmch. 

llo  24 

1  00  54 

20  06 

10.63 

The  7  stations  o£  Belgrade,  Iscliia,  Messina,  Querce,  Ximeniano, 
Qiiarto*CaBteIlo,  and  Bocca  di  papa,  give  tlio  following  means :~ 
x^l^O"  2V ;  V  =10,46  km/sec. 


V,  calculateti  hy  "  DiffereiKje  Method." 


Combiuatiou  of  Stations. 


n 
» 


{SSiaS^      -San  Fernanda 

-8  Italian  Rtations. 

-  Belgrade. 
-Tiflia. 

Han  Fernando  -  0  Italian  Stationa. 
„        -  Delgnide. 

-  Tiflis. 

(1  ItaliAQ  StationH  -  l'><'If^i  a*l«\ 

-  Titiis. 
Helgcude        -  „ 


3x 

^. 

48"'  37' 

III  « 
7  24 

12.16 

64  11 

10  68 

10.84 

69  55 

12  07 

10.69 

87  58 

14  06 

11.55 

15  34 

3  34 

8.09 

21  18 

4  43 

a36 

B9  21 

6  42 

10.87 

5  44 

1  09 

9.23 

2a  47 

^  08 

14.0S 

18  03 

1  59 

16.85 

From  the  last  table  it  Avill  be  seen  that  tbo  time  of  com- 
monoement  at  >San  Fernando  was  n  little  too  late,  ^vhilc  tiiat  at 
Belgrade  was  a  little  too  early.  Taking  together  all  the  results, 
the  mean  value  of     comes  out  to  bo  11.27  km/sec. 

*  OtlcattA  aoil  Tnuugoo  ure  excladoti  in  tbc  calculotion  of  i'^.  Sae  §.  88, 
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F.  OmaA: 


94.  Groups.  JFaahuifftoht  Cheltenham^,  Toronto,  Tifits ; 
Koflalkftnal,  Batavia* 

V,  oAbnlated  by  "  Direct  Method." 


"  "   

station. 

X 

WashiiiKton,  CSieltenham. 

105»  20' 

h     IS  « 

1  08  32 

«  a 

IS  44 

km/ IMC. 

ia4i 

IVntmto. 

101  30 

1  06  36 

III  48 

11.18 

Tiflis.          (See  §  89  ) 

a47 

Kodftikaiml.  (  „    §  87  ) 

<i.70 

liatavift.      (  „    §  88  j 

Of  the  above  5  cases,  the  rosnlts  i-elatinj;  ti>  Toi-onto,  K(Klai> 
kanal,  and  Batavia,  ara  probably  not  qnite  accurate.    (See  l)o]ow*.) 

V,   calciiLntod  by  "  Difference  Metliod.'* 


OombiuAtiou  of 

Stations. 

9x 

(  i  )Wiuditngloii,  ChdtenbMii^Tblonlo. 

a. 

50' 

1 

n 

56 

3.67  (?) 

(ii) 

~T!fli«. 

77 

U 

12 

44 

11.33 

(iii) 

* 

— KodaikannL 

83 

45 

12 

44 

12.18 

(iv) 

» 

— Bataria. 

62 

45 

9 

.59 

11.64 

(  V) 

Tcnoiito 

—Tiflis. 

74 

04 

10 

48 

12.69 

(vi) 

»« 

•>-KodaikaiiaL 

79 

55 

10 

48 

18.70 

(vii) 

»» 

— lifttftvift. 

r.8 

55 

8 

oa 

i:i55 

*    •  •  •  - 
(Vlllj 

Tiflis 

— Koclnikaunl. 

51 

{) 

(?) 

(iv) 

liatavia 

— Tiflia.  1 

15 

09 

>t 

45 

10.20 

(^) 

*f 

— Kodaikaual  | 

21 

00 

2 

45 

14.14 

Of  the  above  10  oombinations,  (i)  shows  tliat  the  Toronto 
time  was  a  littile  too  early.    In  the  throe  cases  of  (v),  (vi)t  and 

(vii),  therefore,  the  volocity  deduced  would  be  a  little  too  higli. 
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Again*  (viii)  shuws  that  the  Kodaikanal  time  was  a  httlo  too  late. 
GoiiBeqi]0ntly«  the  value  of  the  velocity  in  the  throe  caws  of  (iii), 
(vi),  and  (x),  would  be  too  high.   Excluding  these  doubtfbl  cases, 

7  in  niunber,  wc  tiutl : — 

(ii)    Vi  =  ll.'V-i  km  sec. 
(iv)    y,  — ll.<i4  „ 
(ix)    17, =10.20 

Oi  these  thi'oe  cases,  the  last,  i-elatiiig  to  Tiihs  auU  Batavia, 
is  probably  not  so  accurate  as  the  other  two;  tlie  Batavia  time 
being  not  quite  exact,  as  ittmarked  in  §  88.   The  mean  value  of 

tlic  velocity  comes  out  to  Ik*  11.49  km  per  sec. 


9&   Graup  9,  Monolulu  (T,H,)  and  Irkutsk* 

I'l    calculated  by  '*  l>ii-ecl  ]NIt!tluxl." 


8taticMa. 

IrkniBk. 

38"  28' 

It        tu  • 

0  66  44 

5  56 

km^MC 

8.88 

Hondnlti. 

108  37 

1  04  36 

14  48 

13.67 

Vi  caleidatod  by  **  Differanoe  MelSiod.'* 

Houolulu— Iiknt«k :         79*'59' ;     = 8"*  52".   r, = IG.70  km /sec. 

.ludging  fioiii  the  above  values  of  the  velocity  w^,  the  Hono- 
lulu time  seems  to  have  been  a  Uttle  too  early. 


96.  €lroup  10*  ^^mttuwh  BairtU  (Asia  Mkwr), 
Vi  calenlated  by  *'Dawet  Meihod.**  . 


Station. 

■ 

Tailioku. 

27' 

Il           Ul  « 

0  r)7  19 

m  a 

7  ;ji 

kui/«ec 

9.72 

BairaL 

34  41 

0  m  w 

8  12 

7.83 
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1\  Omuri : 


t'l    cjiIciiIhUmI  by  "  iJiflforeuco  Metlitxl." 
Baii-ttt— Tailiukii  &k— •J:''-k>' ;  iki=  —  ii  mc. t?,=(?)kiu/sec. 

The  time  of  oorameucemenfc  at  Baihit  vfnta  evidently  a  little 
too  late. 

97.  mingle  Sttaioua,   "  Diitsct  Method." 


Station. 

Mauritius. 

r,5«  15' 

9  m 

11.24 

Cape  Town. 

12  42 

12.51 

BaltimoPB.  i 

1(M  47 

20  42 

9,37 

98.  Velocity  ami  Nature  of  Path.  Avcovdm^  to  the  velo- 
citv  calculations  bv  *'  (liiibioncc  mctbutl «iiven  al)ovc,  tlio  time 

of  earthquake  oocun'cncc  at  some  of  the  stations  seem  to 
have  been  slightly  inacearate,  as  follows : — 

(a)  registered  at  Kodaikanal,  Ratavia,  Ban  Fernando,  Balti- 
more aiul  Bairiit  was  too  late  ;  (b)  f,  re<iistcml  at  Calcwt.tn,  Poiit<i 
Delgada,  BcJ^nadc,  Stmssburg,  Toii»nto,  and  llojiolulu,  was  too  early. 
Some  of  these  stations,  whose  time  observation  leads  to  the  values 
of  the  transit  velocity  much  diflbrent  from  those  for  the  others, 
have  heen  excluded  in  the  dedaction  of  the  average  group  velocity. 

cakitlated  hy  "direct  method."  Comparing:  tojjether  the 
results  for  the  different  groups  <  tf  stations,  we  sec  tliat  tbere  was 
apparently  no  genonil  mai-hed  dependence  of  ti  on  the  nature  of 
the  path  of  the  seismic  waves ;  the  most  trustworthy  values  of 
the  mean  velocity  bemg  as  follows : — 
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Gioiipi. 

8iatioti8. 

1 

'  Meau  X. 

! 

AIe»u«j 

1 

TacolMjnK  TanaOo,  Vfotocin,  KC. 

'Hiroilgh  Korfk  Me. 

i  114*  I3f 

10JU7 

•2 

N  nprmany,  Oimt  Brilaio. 

Acrow  fdaiM  ngimis. 

J 

io.;}f. 

3 

K.  AnHtro-Hnngnry  nuil  M.  Italy. 

Along  monQtain  nuigeti. 

'    50  11 

10.11 

New  ZenlaQcl. 

1  115  'H 

10.03 

Jurjew,  Upnlo. 

45  15 

lO.OU 

« 

Japuo. 

Tkroogb  Tibut  and  Chiiiu. 

4U  52 

lo.ia 

7 

Gentnl  and  S.  Italy. 

(I  IS 

10.43 

9 

Wncbiiistoo,  Chdtenlniii. 

105  SO 

10.41 

Till'  stations  uf  Group  1  untl  New  Zi'tiland  give  liigh  vclocifcies 
of  10.07  to  10.03  km  per  soc.,  the  epicentral  distances  being  great 
and  equal  to  about  US'".  It  is,  however,  iwarkable  that  the 
velocities  for  Group  2  (mean  x=o4.^  45^)  and  Group  3  (mean  x 
-='')0  44')  wer(?  praeticallj-  identical,  iiuiiu  ly.  10.36  and  10.4  i  km 
per  HOC,  although  the  natiu'c  of  the  regions,  thmiigh  wliich  the 
seismic  waves  were  propagated,  differed  widely  in  the  two  cases, 
being  respectively  across  plane  grounds  and  along  mountain 
ranges.  The  path  of  the  waves  for  Group  1  stations,  which  ap- 
proxiiuat(4y  ])ass('d  tlirongh  thu  North  Pole,  is  laid  for  the  greutcr 
pjirt  acioss  Hut  grounds. 

Tlie  4  Japanese  stations  of  Tokyo,  Mizusawa,  Osaka,  and 
Kobe  (Group  6)  give  a  Velocity  of  10.13  km  per  sec.,  whieli  is 
about  0.37  km  less  than  those  of  Group  2  and  Group  3  stations. 
This  difference  inai/  l)e  due  to  the  fact  that  tlie  sei8niic  waves 
ptissed,  before  reaching  Jajmn,  tlirough  Cliina  and  the  plateau  of 
Tibet  i  a  natural  supposition  in  this  connection  being  that 
the  propagation  velocity  would  bo  gi'eater  in  suboeeanic  or 
depressed  regions,  than  in  plateau  or  elevated  ^i^-ounds,  on 
account  of  the  diiieience  of  rigidity  and  elasticity  of  the  material 
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F.  Qmadt 


tiompotfing  the  different  portiou«»  of  the  earth's  surface. 

Taking  tbc  average  from  the  different  gix>upi$  of  stations 
given  in  the  preceding  table,  we  find  : — 

for  ar=45'  to  115*;. . .     =10.44  km  jier  aec. 


99.   I*,  calculated  />//  **  JJijf'erence  Method,** 
The  following  table  gives  the  mean  vahies  of  the  transit 
velocity  d,  for  the  difierent  groniKt  of  stations. 


Git>up. 

•StatiouH. 

Limits  of  x. 

Meuu  Vi 

1 

TiicnbnyH,  Toroulo,  Victoria,  B.C.,  Gdalm. 

rr 

28' 

12H- 

17' 

kinftce. 

11 

i 

GrtHtt  lihtaiD,  North  Getmaiiy. 

ao  — 

5ti 

54 

3 

a.  Aiutxo-Hungiuy.  N.  Italy,  CMksuttH,  Climt* 
cbinsli,  WoUiDgtoD,  TusebkRiit,  TiOia. 

IS 

43  — 

91 

11,81 

& 

Fiorto  HkOt  Upi*Li,  Jmjw,  BMnTk,  nueUwiit 

11 

ao— 

118 

95 

11.99 

S 

Jiiptiu: -Tulvyo,  UixomvA,  Onko,  KoIm, 

TnilKjku. 

•27  — 

51 

.« 

ii.ua 

7 

Tiflts,  I^elgnule, «« Ihilbui  StattoDa,  Smn  Vara' 

undo,  New  Zculnnd. 

27 

2G  — 

Ho 

-2t 

11. '27 

8 

WMhii^toD,  ClMltaiiliam,  lldu.  BaUvia. 

27 

ao— 

1U& 

90 

11.4tf 

Taking  tlie  average  from  the  seven  groups  of  stations  con- 
tained in  the  above  table,  with  the  exception  of  the  2nd,  in 

whicli  tlie  distimcc  difference  was  too  small,  we  obtain 

for  a;=ll'  90'  to         47  ;  mean  V4=lt56  km  per  aec. 


100.  Veioeity  «i  eaUmUUed  Uy  *'IHreei  MOhod/*  wUhotU 
refeu'enee  to  the  ^aths  of  the  Seiamie  Wavee*  In  the  foUow^- 
ing  table,  the  different  stations  are  arranged  simply  according  to 

the  epicentral  distance  and  convonientl\  divided  into  a  number 
of  gi'oiips,  the  velocity  havin;.;  been  calculated  by  '*  du*ect 
method.'*  Those  stations  marked  with  astemka  have  not  beeii 
taken  in  the  deduction  of  tlie  mean  values  of  the  velocity,* 

*  See  {Mgc  118. 
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TABLE  IX.     y,  falenlateU  hy  *'  l^irect  Method." 


Station. 

Epioentml 

l)i.staueo=rx. 

Time  of  oocur- 
i-onoo  of  Ist  PtdI. 
Tremor =<i 

JSftrtii^ua&e  vnrigiii* 

li      m  ^ 

1>ehra  Dna. 

1** 

•9- 

45' 

0  50  38 



Ta-sclikent. 

11 

20 

0  52  24 

8.07 

Colftha. 

la 

2H 

0  5:i  Oft 

7.4« 

Calentta,* 

\'l 

115:; 

12 

24 

062  46 

7.78 

KodftikauAl  * 

21 

:tr» 

0  55  48 

n.on 

il  Canca.*'Ua  iStatioiu*.;^ 

27 

11 

0  55  ;}•) 

8.(i0 

Tiflis. 

27 

2(; 

0  55  48 

8.47 

Irkntok. 

2H 

0  55  44 

8.88 

Jfean,   

37 

57 

0  56  46 

6.68 

Nikola  jew.* 

:17 

20 

\i  i}n  ;)•} 

T 

1  .<M» 

Tftihoku. 

27 

0  57  1ft 

9.72 

liuiiut.* 

41 

0  5S  ()<> 

7.Ka 

Ufttavia.* 

42 

:{r, 

0  5K  'iVii 

9.01 

Jurjew, 

42 

49 

0  57  52 

9.87 

Manila. 

43 

34 

0  58  25 

9.3<1 

Belgrade. 

45 

29 

0  57  47 

10.55 

Krakan. 

46 

30 

0  58  12 

10.0S 

43 

22 

067  66 

9.01 

Tiulotau. 

47 

02 

0  58  4?) 

9.(l(i 

Upsala,  i 

47 

41 

0  58  22 

lo.ai 

Kobe. 

48 

03 

0  58  26 

10.80 

Osaka. 

48 

19 

0  58  51 

9.80 

*  Nut  taken  in  tle<luciDg  the  means. 

I  AclMiMBJiliM,  Dirbeiit,  ScliniMdM.  ^onhoiin,  Wtvm. 


i^'iyui^uu  Ly  VjOOQle 


1  .to 

7.  Qnori: 

—  .  -  - .  . — . 

—  .  ■ 

EpiceDtral 
Difiiaiicesrflr. 

Time  of  <H!cur- 
Fence  oi  isi  x  rei. 
Tremor =/, 

Tjaibach. 

19' 

0  58  4n 

9.98 

MenritiA. 

49 

0  59  00 

10.02 

Potadnm. 

40 

0  58  4«; 

10.28 

Triost. 

49 

52 

5  58  44 

10..34 

ToIa. 

49 

55 

5  58  5(> 

10.-2:5 

Jjftipzig. 

50 

li'} 

0  58  44 

10.42 

lacJua. 

50 

'U\ 

0  58  50 

10.24 

Jena. 

ijO 

48 

0  58  54 

10.20 

Bnccn  di  ^p^. 

51 

15 

0  58  61 

10.49 

Padno. 

51 

20 

,     0  58  58 

10.34 

Tbkjo. 

51 

^ 

0  59  OR 

10.20 

Hambm^ 

51 

34 

0  58  14 

11.32. 

Mimnawn. 

51 

39 

0  59  08 

10.25 

flottinfjoii. 

51 

45 

iF    tjtl  •9*9 

51 

."il 

0  59  08 

io.:jo 

Xiineuiaiio. 

51 

55 

(I  58  an 

10.90 

(^imrto-(  ustello. 

51 

5(; 

0  58  49 

10.(J7 

Stmsslmrg. 

*-  n 

H  4s 

60 

058  48 

10.88 

58 

05 

1  00  12 

10.33 

1 

i*!(li)i1iiirf7li 

58 

48 

1  fMI  fWl 

ji  mi  %n* 

XIMIf 

Birmiug^m. 

58 

49 

1  m  35 

10.10 

Rhide. 

58 

52 

1  01  00 

9.73 

Liverpool. 

59 

18 

1  00  30 

10,17 

Paisley. 

59 

30 

1  00  00 

10.80 

58 

54 

100  24 

10.30 

Ran  Fenuuxlo^  ^ 

m 

47 

1  02  BO 

9.74 
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Siation. 

Epicentral 
DiatAiioB=j; 

■LIUIB  UI  OCCUX** 

renoeof  IfltFkel. 
Tremor =<, 

— — — — — 

 TV   1  1  _  m 

Fcmift  DejgacM. 

79P 

64' 

1  01  00 

CSape  Town. 

85 

46 

1   met  QA 

78 

07 

10880 

10.60 

VictoruH  B.C. 

Q7 
ill 

4^ 

1    fit'  <o 
i  (11)  4r< 

Toionto. 

101 

30 

X  till  On 

11  10 

10^ 

47 

1    1 A  ft  A 

X  111  iHt 

9.9/ 

TlTii   XL  1 L?  t. _J-M|--n-l. L  ^\ 

VVMJllllglOll,  MJAjm 

105 

17 

XU>4f 

CSielienbain. 

105 

22 

1  06  39 

10.35 

Hanoliilii.* 

lOA 

27 

1  04  36 

13.57 

if«w  

108 

03 

1  07  49 

10.61 

ChriatolniFoli. 

116 

03 

1  10  00 

10.54 

WeUington. 

115 

45 

1  09  48 

10.72 

Porto  Bioa 

118 

25 

1  10  25 

10.64 

Tacnbaja. 

12H 

30 

1  11  25 

10.03 

1  121 

16 

1 10  37 

10.79 

The  mean  valueii  of  the  velocity  Vi  contained  in  the  above 
table  are  as  follows. 


TABLE  X.    Moan  Values  of  v,  calculated  by  "  Direct  Method." 


Station. 

Epio8ntnl 
DirtanoB=sv. 

24' 

7.78 

27  57 

8.68 

Toifaokii,  Jturfew*  Manila,  B6lgrade,  Kiakau. 

43  22 

9.91 

/              Oflaka,  Kol)e,  Latliacli,  Trieat, 

1     Pola,   MeBaioat  Iaohi%  Jena,  Tokyo^ 
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p.  Onwri: 


Stattons. 


Epiceutral 
Distance— X. 


Hamlnilg,  Mizusawa,  Ilocca  di  papa,  Pa- 
dova,  QviPTv^,  XiuKMiiiino,  Quarto-Ca«- 
tello,  Leipzig,  Potsdam,  CKittiugen, 
Sfntnbtirg  


60P  24' 


10.3ft 


/  KeW,  Birmisgbain,  Liverpool,  Pjuslej, 
I  EdmbaigK.Rlude  


58  54 


10.30 


SaB  Feniando  and  Cape  Town. 


73  07 


10.0G 


(  ToKonlOk  YUstoria,  B.C.,  Wasliiiigtoii, 
(  CSbeltenliam  


103  03 


10.01 


f  Ckrintchimli,  WeUinghm,  Foaio  Bioo, 
t  Tacnbayo.   


121  lU 


10.79 


As  is  ui'iiplii('?illy  shown  in  Fig.  1),  tlie  v(»locity  t?,  calciilat^Hl 
by  "  direct  nictluHl "  increasod,  between  the  earthquake  origin 
and  the  epiceutral  distance  of  a;=about  50 ,  linearly  up  to  a 
«  value  of  10.38  km  per  sec.,  the  velocity  at  the  immediate  vicinit}'' 
of  the  epicentre  beiiij;  probably  some  7  km  per  sec.  For  the  a? 
greatf'i'  tlinii  oO  ,  the  volooity  roniainod  vory  nearl\'  constant,  tlie 
iiuixnuum  being  10.79  km  per  sec,  for  .r=121  10'.  According 
to  the  above  table,  the  mean  velocity  («,)  is  as  follow : — 


For  the  sake  of  e()ni[)arison.  I  give  in  Fig.  0,  also  the  rela- 
tion between  the  epieentral  iHstance  and  tlie  velocity  calculated 
by  "  direct  method  "  for  the  San  Francisco  earthquake  of  April 
18.  1006. 

101.  Mean  Value  of  the  VetaeUu  Vi  eaieuiaied  by  **  Dif- 
feiMe  MeihodJ*  Tlio  relation  between  the  mean  group  values  of 
the  epicentral  distance  and  the  time  of  occurrence,  jriven  in  TaUe 
IX,  i.s  gmphically  .shown  in  Fig.  7,  from  which  it  will  bo  seen 


=10.88  km  per  see.  (£or  »=50^  to  121^;  mean  ir=:76.^) 


Digitized  by  LiOOgle 


EXPLAXATOliY  NOTES. 


For  Figrf.  7  uiul  8,  the  luiinerals  1,2  9,  10,  corrcspoud 

to  the  different  groups  of  stations,  as  follows  : — 

/I   Dehiii  Dim. 

2   Tjwchkent,  Cokba. 

3   Irkutsk  an<l  <>  Cuucasiou  Statious. 

4   Taihoku,  Manila,  Jurjaw,  Belgrade,  Krakau. 

Fig.  7./  5   '22  Statious  (.Tap  iu  ifc  Middle  Europe). 

(J   (I  liritish  SbitioiLs. 

7   Sau  Fernaiulo,  Cajie  Town. 

8   *2  Caiuuliau  and  2  Ainuricim  Sbitious. 

^0   NewiZwdaud,  I'ortti  Hicu,  T»vculjjiya. 

fl   De.Iua  Dun. 

2   Tasdikent. 

;J   ludiau  Statious. 

4   Tidis  and  5  Caucasian  Stations. 

5   Taihoku  au«l  Mauila. 

<»   20  Stiitious  in  Japan  and  Ceutml  Kurope. 

7   Mauritius  and  2  Britisli  Statious. 

H   Sun  Funiandn  and  t'ajw  Town. 

0    ('iMjltcMiliam  !ui<l  Wasliington. 

^10   Tacubava. 


Fig.  8. 


FlUL 


Fig.  7.   Indian  EarOiqiuike  of  Apiil  4,  1905.   Bdatioii  of  the  Time  of 


Earthqnake  Ooonnenoe  to  the  Epioentml  IMstance. 


PL  IV. 


Fig.  &  Indiaa  Eqke  dlMS.   Belatiom  to  the  Epioentml  Disbmoe 
of  ^  Time  of  Occunenoe  of  the  Snd  Ftelimiiiuy  Tremor. 
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FL  V. 


Indian  Fj^kv  of  1005.    Kelation  to  the  Epicentral  Distance  of  the  VeltHMties  of 
the  liii  and  '2iid  Pielimimry  Tremors,  Calculated  by  "  Duect  Method." 


^Iff.  JO. 


7.6- 


r-rr-      p  -rn tt^  -j-   i  :  i  rn 


mo 


so'  i-o'  i;o  9  0* 

Black  dots  (•)  and  full  line  i^elate  to  Kaugra  Eqke. 
SaiaJl  white  ciicle  (o)  and  dotted  Hue  relate  to  San  Francisoo  Eqke. 
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that  tlie  time  {Q  increased  almost  linearly  with  the  distance  (.c) 
between  about  SO''  and  120''  (maximum  limit). 

Taking  fi'om  Table  IX,  the  mean  gi^oiip  valnes  of  the  epi- 
ccntral  distMiice  and  the  correspoiidiii^-  time  of  occunciu-c  of  the 
liifc  preliminary  tremor,  and  calculating  by  the  method  of  Least 
Squares,  wo  find  for  the  Umits  of  x  between  27^  57'  and  121''  16^ 

1^1=11*88  km  per  eeo. 


Giapter  V.  Velocity  of  t>ropagation  of  fhe  2nd 

PrcHminiiry  Tremor. 

103.  Time  of  CmnmeneemeiU  (t,)  and  TranHt  VeloeUy 
(Vt)  at  IHffwent  SHaOona*  The  fbllowing  table  gives  the  epi* 
central  distance  (.r)  and  the  time  of  commencement  (4)  of  the 

Ju  l  pivlimiiiai y  treiiiur  for  the  I-  statitms,  whose  seismogmms 
iiidicuted  the  last  mentioned  phase  of  motion  witli  clearness  ;  the 
different  stations  being  divided,  according  to  the  epicentral  dis- 
tance,  into  a  number  of  groups.  The  velocity  r,  given  in  the 
4th  column  of  the  table  has  been  calculated  by  diit»ct  method  " 
according  to  the  formula. 


fo  l)eing  the  timi'  of  caitlKiuake  occurrence  at  the  origin,  assumed 
to  be  0"  40"  48"  ((i.M.T.). 

Again,  as  will  be  seen  from  the  results  of  the  calculation  of 
the  velocity  t»,  by  "  diflference  method  "  the  times  t,  for  Kodaikanal, 

Tftungoo,  and  Rata  via,  seem  to  be  a  little  too  late.  Accordinjjly 
theije.  iJ  stations  (marked  witli  a^terishi  in  the  Table)  have  been 
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excluded  in  deducing  the  mean  valued  of  tlic  velocity  ;  the 
weiglit  of  the  observations  at  those  places,  where  the  aeismograniB 
were  apparently  not  quite  satisfiictory,  being  iaken  to  be  half 
that  of  the  observations  at  the  remaining  places. 


Table  XI.    Time  of  Commcnccmtnt  and  Tmuait  Velocity  of 
the  2ud  I'relimiuary  Tremor. 


1 

Stiitioii. 

• 

Epiceutnil 

Time  of  ooiu- 
mBooement  of 
2nd  P.  T.=^. 

Cnionlated  Inr 
"Sfnet  Ifetliod." 

Origin. 

— 

h 

0 

III 

49 

48 

l>ehm  Duu. 

46' 

fl 

50 

38 

,  . 

JLMaciuceiit. 

11 

20 

0 

54 

20 

Goklm  (Bombay). 

13 

28 

0 

66 

39 

3.64 

Barrackpur. 

13 

32 

0 

65 

4.26 

Calcutta.  i 

13 

42 

0 

55 

09 

4.7i 

la 

21* 

34 

36' 

0 

55 
59 

50 

43 

4JU 

4.03 

1 

Kodaikan^*  | 

0 

Tauiigoo.*  i 

21 

44 

1 

00 

03 

3.93 

1 

Tiflia. 

27 

26 

1 

00 

31 

4.74 

5  Caucasus  Statioiw. 

27 

11 

1 

00 

22 

4.76  • 

Irkatek. 

28 

28 

1 

00 

52 

4.77 

S7 

48 

1 

00 

as 

4.76 

Taihoku. 

39 

27 

1 

03 

25 

5.36 

BftteviA.* 

42 

35 

1 

05 

33 

5.01 

Jnrjiiw. 

42 

49 

1 

04 

29 

5.40 

Manila. 

43 

34 

1 

05 

03 

6.29 

41 

57 

1 

04 

19 

5.35 
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TABLE  XI.  Cant, 


Htaiiuu. 


Epioeutral 
I>istaiM]e=». 


Time  <>f  cdiu- 
meiiceuieut  ol 


»2 

C'uloiilated  by 
'  Oiwct  Mottiod/' 


Tadoteo. 

47* 

02' 

1 

06 

49 

6.44 

UpsAla. 

47 

41 

1 

06 

19 

6.69 

Kobe. 

48 

03 

1 

05 

2f> 

5.«9 

Oi^ika. 

1!) 

1 

in; 

():{ 

5.51 

XjaiUacli. 

1  45) 

■ 

1!) 

1 

08 

5.50 

Messiuu. 

4«; 

1 

15 

5.(j(J 

rotHclaiu. 

»  19 

4S 

1 

or, 

51 

5.75 

Tiiest. 

4U 

52 

1 

05 

4a 

5.80 

49 

55 

1 

05 

68 

6.72 

Leipssig. 

50 

KS 

1 

06 

53 

6.79 

IbcIiui. 

'60 

a<» 

1 

06 

14 

6.69 

Jena. 

60 

4H 

1 

06 

00 

6.78 

Rooca  di  papa. 

61 

16 

1 

00 

09 

6.80 

iracKiva. 

1 

1 

Uo 

o.oo 

Tokvo. 

61 

30 

1 

25 

5.73 

Miziisiiwu. 

51 

39 

I 

im 

•is 

5.74 

Gutiiiigeu. 

51 

45 

1 

12 

5.84 

(^uei-ce. 

.">1 

54 

1 

(w; 

24 

5.7fl 

Ximeuiaiiu. 

51 

55 

1 

05 

47 

<3.01 

i^i-toCtMtello. 

51 

5<; 

1 

06 

02 

5.92 

Mean  

60 

Id 

1 

06 

08 

&78 

Mauri  iitiH. 

55 

15 

1 

07 

03 

6.93 

Biniuii|{liam> 

68 

49 

1 

08 

60 

6.09 

FiuhIbj'. 

59 

30 

1 

08 

18 

6.96 

Mam  1 

5S 

06 

1 

08 

18 

&88 
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F.  Unmri: 


TABLE  XI.  CvtU, 


otaviuu. 

1  Epioeuind 

Time  of  coin- 
ineucTiiiout  of 
2iul  r.  T.=f^ 

_  - 

"Dinet  HathodL" 

Htm  Fernauda 

h 

64' 

1 

if 

42' 

5.66 

I'lipc  Towu. 

8ri 

Hi 

1 

'27 

7.(H  (?) 

73 

u 

1 

u 

57 

6.U 

didtenliaiii. 

105 

1 

22 

5.B1 

Wsdiiqgfcnu. 

105 

17 

1 

23 

27 

6.79 

105 

90 

1 

98 

90 

480 

Welliugtoiu 

iir> 

1 

r)4 

Tavubayo.  | 

1^ 

28 

4i.23 

The  relation  to  the  cpiceiiti'al  distauee  {x)  of  the  tinio  (/»)  of 
occiii'i'eiice  of  the  2iui  preluninaiy  tremor  is  iUiistmted  in  Fig.  8, 
from  which  it  will  be  seen  that  up  to  a;= about  60'  tiie  rate  of 

int'iease  of  tlio  tinu*  rcl>itive  to  the  (liHtMiicc  was  a  little  smaller 
than  that  ol"  simple  pmportioii,  the  maximum  tinu*  deviatiou  being 
about  1  mm.  Between  .r=:  50  and  130  ,  the  roiatiou  seems  to 
become  mcffe  nearly  one  of  propoiiion. 

Accorduig  to  Table  XI,  the  mean  valued  of  v^are  att  follows: — 


(  i) 

»=1P 

20' ; 

9,=:  4.62 

(Tasdikent). 

(ii) 

13 

34 

4.21 

(3  Indiau  Stattoiis). 

(iii) 

27 

42 

4.76 

(Tiflitt  and  6  Gfiucasiiiu  diatiouB). 

(iv) 

41 

57 

5.35 

(l^ihokn  and  Manila). 

(  V  ) 

ilO 

12 

(20  Stntious  in  Jn^iiiu  uud  (.'ciituil  Juuxipu). 

(vi) 

58 

<u; 

r».82 

(Muuritiiis  ami  '2  P.ritiHb  Stations). 

i  vii ) 

7:J 

11 

(Sau  Feruaudo  and  ( 'jqw)  Town). 

(viii) 

105 

20 

5.80 

(Clielteuham  tuid  Wtisliujgiuu). 

(ix) 

128 

47 

6.23 

(Tacubaya). 
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Of  tlio  alK)ve  9  gmups,  the  .r  and  v,  for  (v)  liavc  hcon  obtainetl 
by  taking  the  means  from  20  stations  in  Japan,  Italy,  Austria* 
Hnngaiy,  Gennany,  and  Sweden.  As  is  graphically  represented 
in  Fig.  10,  the  velocity  v.^  Rteadily  increased  with  the  epicentral 

distance,  till  it  louchoil  m  vahio  of  r».(>8  km  pen*  nee.  for  x^^)O  ^C>' 
(Group  v),  the  moan  rate  of  thf  vt'lucity  increase  being  al)Out 
0.038  km  per  degree  of  the  distance.  For  the  distances  over  about 
60*',  the  rate  of  increase  of  the  velocity  seems  to  become  smaller. 
The  average  value  of  the  velocity,  between  .t— 41^57'  and  xs^ 
128"  47',  comes  out  to  be  6.82  km  per  soe. 

For  tlie  mliv  i>f  comparison,  the  case  of  the  San  Fniiici.sco 
eartliquake  of  April  18.  100(5,  is  also  illustrated  in  Fig.  10.* 

To  find  out  the  dependence,  if  any,  of  on  the  nature  of  the 
path  of  seismic  propagation,  I  give  in  the  sncceeding  |{,  the  results 
of  the  velocity  cakulation,  according  to  the  "direct"  and  "differ- 
ence" metliods,  for  the  diflerent  groups  of  stations  (§  85). 


103.    Oronp  1,    Tucuhnya,  CoUtbtt  (JBombay),  Kodaikanal 

"  Dii^-t  Method." 


Stfttton* 

X 

TmMilMvvft. 

15" 

fi.23 

CoiabA. 

IH  28 

0 

61 

3.64 

Kodnikstut]. 

21  B5 

9 

66 

AM 

*  TUo  Sufletin  <^  the  Imperial  Etrlhquakt  Inve^ligatioa  C'VntnitUe,  Vol.  I,  No.  I,  p.  a7. 
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P.  Omnri: 


"Diflfereuce  Metliod." 


,11, 

Gombiuatiou  of  btaiiouti. 

llif»19' 

km/Mft 

Tacnbaja  -GolalM. 

31  24' 

6.80 

„  'KodAikaiml. 

107  12  . 

28  20 

7.01 

Kodaikanal-GnlabA. 

8  07 

8  04 

7.27 

IM.  Oroup  9,  Great  BritaiUf  ITorfh  €^ennnniff  BatnHit* 

'<Diraot  Method." 


Plftfie. 

X 

!  r,.s= 

ni  « 

GfeatBritaiu 

BirmiiifiTiinm 

49' 

19  08 

Paislev. 

30 

J8  :?(» 

r>9 

10 

IH  49  

5.82 

49 

4H 

1<;  03 

50 

k; 

Irt  05 

North  OermauvH 

Jeua. 

oO 

48 

Ifi  18 

"1 

.GotUugeu. 

51 

45 

10  24 

50 

89 

1«  13  

1 

6.79 

Baiavia. 

42 

3o 

15  45 

5.01 

*«])iffneiice  Method.' 


Cbmbinwlion. 

As 

Great  Britain-Ninth  Gemuiy. 

8"  81' 

M  • 

2  86 

6.07lcmiieriiee. 

„  -IJatavia. 

Ifi  35 

3  04 

10.01 

Noiili  (iermauy-Uaiavia. 

8  04 

0  28 

(?) 
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105.  fii'oup  .7.  South  Austro'TFuiifffn'if,  North  Itulff,  Val- 
cutta,  TaunffOOf  New  Zealand^  Tifiia,  l\$ftchl:e»it. 


Diim-t  Method." 


Station. 

•s 

1  ^ 

19' 

III 

16 

20 

km/aeo. 

Sonth  Aiuslro-fiimgikiy.  ' 

TriesL 

49 

62 

16 

65 

Poh. 

49 

55 

16 

10 

40 

42 

16 

06.. 

«.70 

fPadoira. 

51 

16 

16 

21 

Booea  di  papa. 

51 

20 

16 

54 

North  Italy  < 

51 

54 

16 

36 

Ximeniano. 

51 

55 

15 

69 

Quarto  Castella 

51 

56 

16 

14 

SL 

40 

16 

26 

5.83 

CSftlciittft. 

13 

42 

5 

21 

4.74 

Tatto^. 

21 

44 

10 

15 

d.9d» 

Wellington. 

115 

45 

40 

06 

5.34 

Tiflia. 

27 

2G 

10 

43 

4.74 

Taschlceut. 

20 

38 

4.52 

"HifEneooe  MsUiod.*' 

CombinatioD  of  Stationa 

nt 

It 

S.  Aiistro-Huugary-Tamigoo. 

27° 

58' 

5 

53 

8.80 

n 

-Tiflis. 

22 

10 

5 

25 

7.61 

-Tftschkout. 

38 

22 

11 

80 

fi.lS 

» 

-Calcutta. 

30 

00 

10 

47 

0.18 
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l\  Omori : 


Combination  of  Stations. 

1 

3x 

Wellington-S.  Anstro-Hiingary. 

III} 

1 

.Jo 

km/ Me. 

5.10 

n 

-Caloutta. 

102 

08 

34 

4r, 

5.44 

»• 

-Tanngoo, 

94 

01 

29 

51 

5^ 

•) 

•North  Italy. 

64 

05 

23 

41 

5.01 

»• 

•TIffis. 

88 

19 

29 

23 

5.56 

n 

-TasclilEeiii. 

•nf 

AO 

•  W.DJ. 

NGiihItaly-S.Aitatn><Hi]iig|Ai3r. 

1 

58 

00 

17 

(?) 

-Galcnttfi. 

37 

58 

11 

04 

6.36 

t> 

•TftmigDo. 

29 

56 

6 

10 

n 

-Tiffis. 

24 

14 

5 

42 

7JI8 

t$ 

-Tasdhlwut 

40 

30 

11 

*7 

6.34 

* 

•Oalciittat 

13 

44 

6 

22 

4.74 

-Ttaoigoo. 

5 

42 

0 

28 

(?) 

-Tosclikent. 

16 

06 

6 

05 

5.86 

Tanngoo 

-Oalciitliii'. 

8 

02 

4 

54 

3.03 

•Taaobkent. 

10 

24 

5 

37 

3.43 

106.  Group  TasefiJceHt,  Jurjew  {Dorpat),  XJpmla, 
BaUwia** 

"  Direct  Method." 


Station. 

« 

Taedikent 

20' 

38* 

4.62  km/see. 

JoriBW  (Dorpat) 

42 

49 

14 

41 

5.40 

Upaala. 

47 

41 

15 

31 

5.69 

•  Bftt»Ti»  wsvfML  (Bee  $  1M). 
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Difieroufie  Method." 


Comliuiation  of  StaiiotiB. 

At 

Upsala— Jmjew. 

4°  52' 

()•"  50^ 

l().82(?)km/sec 

„  — Tasclikeut. 

3ii  21 

10  53 

(J.19 

Jui-jew  —  ^ 

ai  29 

10  oa 

5.81 

107*  Group  0,  Japafh  !taihokUf  HMMm,  Kobe,  Ooaka, 
Tokyo,  Mfymmwa, 

^XMzeclr  Method." 


X 

l^uhokn. 

39°  27' 

13"  37* 

5.36  km/see. 

Tadotso. 

47  02 

16  01 

5.44 

Kobe. 

48  03 

IS  38 

5.69 

Osaka. 

48  19 

16  15 

5.51 

Tokya 

51  20 

16  37 

5.73 

MizoH 

ftiva. 

51  39 

16  40 

5.74 

**DjfbietMe  Method.*' 

Coinhuiatiou  oi  St^ons. 

as 

Tokvo.      X  |Tadot«u. 
Mi«usHAva.J 

8*  45' 

0«  40* 

10.40  km/aee. 

n 

12  06 

3  01 

7.43 

Tadoten.  ' 

Kolie. 

8  21 

2  21 

6.57 
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108.  Gi*oiip  7.  Tffllit ;  litcJt  ia,  MeMshm  ;  XimeiiiaiiOf  Quei-ce, 
Quarto- C(Mt€ilo,  Mocca  di  papa;  San  Fei'nandof  CcUcuttaf 
WeUiitgton, 

"Diiecfc  Meihod" 


X 

TifliB. 

27°  2<J' 

10  43 

km  hm. 

4.74 

lacUia,  Meaaiiuu 

50  08 

16  27 

5.65 

(Ximeiiiauo,  Qiierce,  Qimito-CasteUo, 
ll{oc€H  di  pipu. 

51  45 

16  17 

5fl& 

Sail*  Fernando. 

G(J  51 

21  54 

5.66 

C-Bilmatrfift 

18  42 

5  21 

4.74 

WeDingtoii. 

115  45 

40  06 

5.35 

**  Diiforenoe  MeUiod.' 

Gomlniiatiaii  of  Stations. 

WeUington      -  Xims. 

OF  ±V 

m  • 
£9  29 

kniac 

o*or 

„          -  iM^iia,  Heaaaio. 

66  37 

23  39 

5.14 

„            -  San  Fernando. 

48  51 

18  12 

4.97 

(Ximeuiauo,  Querco,  C^uai-to- 
"          "(GMtello,  Booca  di  papa. 

m  00 

23  49 

4.98 

„          -  Calcutta. 

102  03 

34  45 

5.44 

San  Fernando  -  Tiffin. 

89  28 

11  11 

6.53 

„             -  Iscliia,  Slessiim. 

16  46 

r,  27 

5.70 

^]  Ximeuiauo,  (^uerce,  Qnarto- 
"           iCastello^  Booca  di  papa. 

15  09 

5  37 

5.00 

„           -  Caleotta. 

53  12 

16  33 

5.59 

Ibcbia,  MeHhiua-  Tiflis. 

22  42 

5  44 

7.34 

„            -  Calcutta. 

11  06 

<;.08 
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Coinbiuatiou  u£  8taUom$. 

S3C 

jXimeuiauo,  (^iiercf,  Qimrto-l 
IGasteUo,  Bouca  di  papa.  )~ 

WW 

5  34 

8.10 

„  -Caicutto. 

38  03 

10  5G 

(J.45 

Tiflte                        -  „ 

13  44 

5  22 

4.74 

109.  Group  Washinfftath  OieUeii/Mm,  Tifiis,  JOhUU- 
kamUf  Baiama, 

"  Direct  Method." 


Pkoe. 

X 

V* 

Washii^glxm. 
Cheltenham. 
Tiflie. 

Batavb. 

103"  17' 
103  S2 
27  26 
21  86 
42  36 

33"  39' 
33  34 
10  43 
966 
16  46 

5.79  km/seo. 

6.81 

4.74 

4.03 

6.01 

Diflbreilce  Method." 

Combination  of  Stations. 

ax. 

WaaWi^ton)  ^yj^ 
Guelteuham) 

„  -Kodaikaual, 

„  -Batavia. 

Tiflin  -KmlaikATial. 

Batavia  >Tiflis. 

„  -Kodaikaual. 

83  45 
02  45 
5  61 
15  09 

21  00 

22  64 

23  42 
17  52 

0  48 
5  02 

5  60 

6.30  km/sec 

6.64 
6.60 

13.52  (?) 
6.67 

(>.67 
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110*  Silhf/le  atatiotks Manila,  MauvUim,  Oape  Xmct^ 


''Diiect  Method. 


Flaoe. 

X 

MuuilA. 

i:r  •){' 

15  15 

5.29  kin/aec. 

MaariUos. 

55  15 

17  15 

5.93 

Cnpe  Town, 

85  Ui 

2*2  39 

7.(11 

IikutsL 

28  28 

11  (H 

4.77 

111.    Vi  for  the  iliff'erent  Groups^  calctUtttetl  by  JJirect 

Mei>t4»d,*'  The  values  of  the  velocity  for  the  different  stations, 
calculated  by  "direct  method/*  are  collected  in  Tabic  XIL 

TKBLE  XII.    «^  calculated  by  "  Diieot  Metbod." 


Haoe. 

Epiceutal  Distance. 

! 

Group 

J. 

Colaba. 

13^ 

28' 

3.U4  kiu/sec. 

Kodailcanal. 

21 

36 

4.03 

lUmbaya. 

128 

47 

6.33 

Group 

•> 

Btttavia. 

12** 

35' 

5.01 

Noiili  Genuauy. 

50 

3G 

5.79 

Groat  Britaiu. 

59 

10 

5.82 

Group  .'}. 

Tnsclikent. 

11" 

20' 

4.52 

Calcutta. 

13 

42 

4,74 

Tiflis. 

27 

2(; 

4.74 

South  Au8tix>-HuiigHi_). 

19 

42 

5.70 

North  Italy. 

51 

40 

5.83 

 -  .  WeUingtoiL  . 

116 

45 

5.34 

[ 
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Epioentml  Distance 

Group  6, 

11" 

20' 

4.52  km/floe. 

Jiirjew  (Dorpat) 

42 

49 

5.40 

Upsala. 

47 

41 

6.69 

Group  G. 

Tailiokii. 

27' 

5.36 

Tjulotsu. 

47 

02 

5.44 

Kolio. 

48 

03 

5.C9 

Osivka. 

48 

19 

5.51 

Tokyo. 

51 

26 

MiztMava. 

51 

3d 

« 

ft  VA 

0.74 

Chnvp  7. 

Cftlontio. 

18» 

42' 

4.74 

27 

26 

Incliia,  Meaaiiia 

m 

08 

It  III! 
9.0D 

Ximeiiiano,  Qncive, 

QnAi-to-CoateUo^  Itooca 

51 

46 

5.88 

,  di  papa. 

San  Fornauclo. 

66 

64 

6.66 

116 

45 

5.35 

Group  8. 

KodAikauaL 

36' 

27 

26 

BataTia. 

42 

35 

5.01 

WftHhington. 

106 

17 

6.79 

ChBltenliatii. 

105 

22 

6.81 

* 

(Single 

Sfatiowt. 

Irkutsk. 

28? 

28' 

4.77 

Hauiln. 

4!? 

34 

5.29 

Mfturitiufl. 

55 

15 

5.93 

C:\up;  Town. 

85 

46 

7.01 
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Taking  for  the  difieront  groups  the  meuu  values  of  for  the 
X  above  about       vre  find : — 

Group  (1)  Mean  x  — 128°  47';   rj=n.23  km/soc.    (Tacubaya  onlj*). 


tt 

(2) 

.V2 

i>j  =  5.fi5 

tt 

•f 

(3) 

„ 

GIJ 

-12; 

n 

M 

i^) 

ff 

45 

15; 

Vj=5.55 

n 

n 

(C) 

„  »= 

48 

12; 

•(,=  5.60 

n 

(7) 

G7 

15; 

0,:=:5.68 

n 

(8) 

92 

47; 

n 

Thus  the  (  irdup  T  (TaciilMiya)  observation  jrivos  a  velocity  of  6.23 
km/sec,  for  the  distance  of  a;=:128  47'.  For  all  the  other  jiroups, 
whose  mean  distance  x  was  from  45  15'  to  92°  47',  the  vekxsity 
lemained  very  nearly  constant^  varying  only  between  6.55  and 
5.68  km/sec.  Taking  the  average  of  the  values  of  the  velocity  for 
the  gi-onps  (2)  to  (8),  we  obtain,  for  .r=40^  to  Uo  45'  : — 

Mean  »=eP36',  v,=&68  km/see.  (direct  meOiocI). 

Again,  Uiking  only  the  obson-ations  ri'lating  to  Great  Ih'itain, 
North  Germany,  North  Italy,  South  Austria -Hungary,  and  Tokyo, 
and  Mizusawa,  we  obtain  : — 

(i)  Great  Britain,  North  Gorinauv.        aj=54*'53';  t,,  _ 5.81  km/set-. 

(ii)  North  Italy,  S<)ntli  Austria-Hungary.  x  =  50°4r;  t?s  =  5.77  „ 

(iii)  Tokyoi  Miznsawa,  (Japau).  a?=:51'*33';  Vj=5.74  „ 

Thns  again,  for  these  sets  of  stations,  for  which  the  distance  was 
nearly  alike  (a?=50*'  41'  to  54*53'),  the  velocity  r,  varied  only 

between  5.74  km/.sec.  for  Japan  to  5.81  km/see.  foi-  Great  Britaiji 
and  North  Gennany.  If,  however,  these  slight  diflerences  in  the 
value  of  V,  denote  anything,  we  may  conclude  from  the  above 
tliree  sets,  (i),  (ii),  and  (iii),  and  the  Group  I,  as  follows : — ^The 
piopagation  velocity      was  greatest  along  the  subooeanic  path. 
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thronorh  the  Nortli  Polo,  and  was  slif^htlv  crreater  along  tho  flat  i-ogion 
path,  to  Groat  Britain  and  North  Germany  than  along  the  mnnntain- 
ons  path  to  North  Italy  and  South  Austria-Hangaiy,  being  least 
along  the  path  to  Japan  across  tho  plateau  of  Tibet. 

112.  AveiHme  Viiluv  of  i\j  calculated  by  Dlffevcna-  ^T('thod,''* 
Taking  from  Table  XI,  tho  moan  valaes  of  the  time  (4)  of  com- 
menoement  of  the  2nd  preliminaiy  tremor  corresponding  to  different 
epioentral  distances  over  27"  42' (§  102),  and  calculating  by  the 

MeUunl  i>£  Ix^ast  Squan^s,  we  ohtiiin,  for  x—'ll  A'l'  to  128^  47': — 

1?2  =  6,46  kill  sec  ; 

this  liaviug  no  particular  roferonce  to  the  patlis  of  Ihct  geisraic 
propagation. 


Gmpter  VI.  Velocities  of  Propogotion  of 

the  Principal  Portion. 

113.  In  this  Chapter  I  will  consider  the  transit  velocities  of  the 
^^bn^tions  at  the  commencement  of  the  3i-d  and  5th  sections,  or 
the  1st  and  3itl  phases  of  the  principal  poi*tion,  and  tliat  of  the 
absolute  maximnm  indicatod  in  the  Milne  horizontal  pendalum 
seismogtams. 

114.  Transit  Fefocitf/  (r  j  of  the  1st  Phase  of  rrhtcipal 
PoHion.  Table  XIU  gives  for  tlie  12  slatitais  ol'  Taihoku,  Tadotsu, 
Osaka,  Tokyo,  Tx^ipzig,  Gottingen,  liocca  di  papa,  Quarto-Castello, 
Birmingham,  Cheltenham,  Washington,  and  Tacubaya,  the  epicen- 
tral  distance  {x),  the  time  (t^)  of  eommencement  of  the  principal 
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portion,  the  tiino  interval  (/j— <o)»  and  the  velocity  (r,)  cainilaU'd 
by  "  direct  meUiod."  For  the  remaining  stations  it  was  diiticiilt 
to  fix  clearly  the  end  of  <ihe  2nd  pieliminaty  tremor. 


TABL£  XILl.   Observation  of  the  1st  Phase  of  Principal  Portion ; 

calculated  by  "  Direct  Method." 


Htatiou. 

Epicentral 
})icfkaiioB=ji?. 

Time  ot  conim't. 
of  the  Prim*. 
Portion 

1 

"OiraotUMiod." 

KQ.  Orifrin. 
(i  )  Taihdcn. 

^%tl  Jt  ^%  tn  ^  A  a 

0  49  4o 

1  m  50 

39** 

27' 

19  02 

TadolBii. 

47 

03 

1  13  31 

S»  43 

3.68 

Osaka. 

48 

19 

1  12  58 

23  10 

.  3.87 

Ijoipzig. 

ir» 

1  \)\  n5 

23  47 

3.92 

(ii> 

Bocca  dt  papa. 

r>i 

15 

1  i:^  02 

23  14 

3.81 

Tok3o. 

51 

2fi 

1  14  07 

24  19 

3.90 

Gottingeu. 

51 

45 

23  55 

4.01 

iQnttrto^CastoUa 

51 

5G 

1  13  .36 

23  47 

4.05 

Mem  

50 

m 

17 

49 

118  ao 

1  IG  33 

28 

2(i  45 

8.98 

4.07 

(iii)  Binmughara. 

Civ)| 

Clialtonbam. 
^Washington. 

105 
105 

23 
17 

1  85  33 
1  35  36 

45  45 
45  48 

4.27 
4.26 

Ifiufl  

105 
128 

20 
47 

1  35  35 
1  43  45 

46  47 
53  57 

4.27 
4.42 

{▼)  Tacnbayo. 

As  will  he  seen  from  V\)i.  11,  tlie  relation  hetween  the  time 
of  commencement  of  the  principal  ix)rtion  (Ist  phase)  and  the 
epicentral  distance  was  very  nearly  linear,  for  the  limits  of  the 
latter  under  oonstderaiion,  namely,  abont  40^  and  ISO". 

As  with  the  other  velocities,    calculated  by  "  direct  metliod  ** 
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mcrensed  with  the  epicentral  distaufie,  the  mean  values  being  as 
follows 

(ii),  and  (iii)  x==  49^13';  Vj=BM  km/see. 

((iv)  ami  (v)   a; =113  09  ;  ©3=4.32  „ 

The  relation  to  the  epicentral  distance  of  the  velocity  is  illustrat- 
ed in  Fig.  12. 


TABXiE  XIV.       calculated  by  «*  Difference  Method/* 


1 

Cuiubiuatiou  of  Stations. 

Distauce  Di£[ei-eiicti=<k. 

Time 
Difiiareuce 

^3 

Tucubuya 

jClielteuluiiii. 
(Wasliiiigtou. 

12H'17'  -  I0a°:2a' = Sa^-iT' 

*ec. 

490 

kn/wr. 

6.31 

M 

—  Sinuiiighaui. 

„    -  58  49  ==69  58 

1,682 

4w76 

tr 

-(u) 

„    -  60  17  =78  30 

1,815 

4.81 

» 

—  Tnilioka. 

„    -  39  37=89  20 

2,096 

4J4 

Oultniluiiu 
WMhingtou 

^  — Jiiriuiugbaut. 

1,142 

4.G2 

n 

-(ii) 

-  60  17  =55  03 

1,325 

4.62 

fV 

— TiMbokv. 

„    -  89  27  =65  53 

1,606 

4.56 

Bimnii^bniD 

-(ii) 

58  49  -  50 17  =  8  32 

186 

5.16 

» 

^Taihokit. 

„    -  39  27  =19  22 

463 

4.64 

(ii) 

*^  ft 

5017-  3927  =1050 

280 

4.31 

In  the  10  combinations  of  the  difl^rent  stations  given  in  the 

above  tabk',  the  velocity  vuiieil  betwPMi  l.lU  ;iiid  5.;31  km/sec. 
Excepting  tlie  0th  combination,  for  \vliieh  the  time  difference  dtj 
yms  too  short,  we  obtain  the  following  mean  value  of  the 
velocity : — 

t^j=4.70  km/iiec. 

The  increase  of  the  velocity  with  the  ( picentral  distance  is  in 
this  case  ver>'  sliglit. 
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lis.  TvwmU  Veloeity  of  ttte  Srd  PiMae  of  Mncipal 
Pottiotu  Ttio  5tli  section,  or  the  3rd  phase  of  tlio  principfil 
portion  has  been  identified  in  the  seismograms  obtained  at  Taihoku, 

Manila,  Tadotsii.  Osuka,  Tokyo,  Leipzig.  ( l<)ttin;_M'ii,  (^»iunto-C'astclIo, 
QiuM*ce»  Xiuiuniaiio,  Hinuinghain,  Cheltenham,  W'asliingtoii,  and 
Tacubaya.  .  Table  XV  gives*  for  each  of  these  12  statious,  the 
cpiceutral  distance  {x),  the  time  (t^  of  commencement  of  the  3rd 
phase  of  principal  portion ;  the  velocity  r,  calculated  according 
to  thu  "  (iiiect  method  *'  beiug  also  uidioatetl. 


TABLE  XV.   Observation  of  the  3rd  Pliase  of  l*nncipal  Portion ; 

Cidcnkted  by    Diract  Method." 


iStatiou. 

I'^pioeutml 
=ar. 

Timo  of  Com- 
nxtocemcnt  cf 
illd  Pb..  Prill - 
oipd  Portion 
=  U- 

calval»ted 
l»7  "Oimot 

Eqke.  Oi^Lii. 
Tuhokn  (Fomioaa). 

jMauilu. 

Tadotou. 
Osaka. 

3»*  27' 

43  34 

47  02 

48  19 
47  41 

60  16 

61  26 

61  64 
51  50 
51  45 
51  55 
SL  81 

k     m  » 

[04948] 

1  13  19 

1  1«  15 

1  18  52 
1  19  62 
11998 

1  20  05 

1  22  28 
1  31  22 

1  21  40 

1  20  09 
1  20  54 
1  20  18 
1  20  01 
1  SO  62 

M  ■ 

23  31 

2G  27 

29  04 

30  04 
99  84 

30  17 

32  38 

31  34 

31  52 

30  21 

31  00 
30  30 
30  13 
81  04 

km:am 

3.11 

3.05 

3.00 
2.98 
9.99 

3.08 

1  2.98 

3.17 
3.09 
3.14 
3.18 

ao7 

EW  Componeiit. 
Tji^l^yQ .  Tromomftter  (Haaffj) 

/Cential  Mct.\ 

Qnetoe 

QoartoCasiello 
Ximeniaiio. 
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SttttioiL 

.Uisittuee 
=x. 

Time  of  Lorn 
nit  noemfnt  of 
.Hnl  I'll  Prin- 

ciml  i*artioa 

1*5  calcnUted 
Method." 

l>iniiii)giiniii. 

h       III  H 

tu 

ott''  49' 

1  2o  22 

as 

34 

3.06 

Wiishiugtoii,  D.C. 

1U5  17 

1  51  17 

61 

29 

3.17 

Clielteiiliftm. 

105  32 

1  51  10 

61 

22 

8.18 

J/eoM   

105  20 

1  M  14 

ei 

26 

8.18 

Tocubojra. 

128  47 

2  OX  49 

72 

01 

3.31 

TABLE  XVI.    V,  calculat<Hl  l»v  "  DiffcrciHje  Metliod." 


.Combuiation  ot  Statioiu.  . 

• 

- 

WaMlitugtou. 
Chaltoiihain. 

27 

til 

10 

35 

4.10 

n 

Kimiil^haiii. 

69 

58 

36 

27 

3.65 

n 

Leipasig. 
Tokyo. 
Florence. 
QottiogBii* 

!  77 

16 

40 

67 

3.49 

M 

-Osaka,  Tadotan. 

81 

0(1 

42 

37 

3.64 

M 

Uaiiila. 

85 

13 

45 

84 

8.46 

» 

Taibuku. 

89 

20 

48 

30 

3.41 

Wasliiugtou  I 
Chalfceiiham  t 

Biiuiuglmiu. 

46 

31 

25 

52 

3.33 

I* 

Ldpaig^ 

Tokyo. 

Florajiue 

Gottiiigsn 

ss 

:  67 

49 

30 

22 

3.28 

»t 

-Osaka,  Todotstt. 

39 

31 

52 

3.35 

>( 

•Manila.  j 

61 

4ii 

34 

59 

3.27 

«> 

Tuiboku.  1 

1 

65 

53 

37 

55 

A.±2 
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ComlttuatioD  of  Btatioiu. 


9x 


iiirmiiigimiu 


Tq.kyo. 

FUnience. 

CitHiiiigeii 


7*  18'  ■    4  ao 


a.ou 


Tokyo 
Flurenoe 


Onto,  TedoUn 

tt 

Manila 


-Omkai  TadotMn. 

11 

li 

(10 

H.44 

-Manila. 

15 

16 

9 

07 

B.10 

-Talfaoku. 

1 

19 

32 

12 

OB 

2.98 

-Onaka,  Tadoittn. 

j 

i  B 
1 

Sit 

1 

30 

4.73 

-Manila. 

1  7 

67 

4 

B7 

3.19 

-Taibokn. 

12 

04 

7 

m 

3.96 

•Manila* 

4 

07 

07 

3.44 

•Taihokn. 

8 

14 

6 

03 

3.62 

-TaibokiL              1  4 

il 

07 

3 

66 

3.60 

The  mean  of  all  the  21  values  o£  coatained  in  the  preced- 
ing table  is : — 

^3=3.28  km/sec". ; 

the  epieoati'al  distanoes  of  the  stations  taken  into  consideration 
being  from  39'  27'  to  128'^  47'. 

U6^  Tmmtt  Veitoeitu  {Vn^  of  the  VSbuxiHons  carreapondinff  to 
the  Ahuotwte  Maaoknum  in  JUilHe  Setmogmnu  The  maximum  in 
a  Milnc  horizontal  pendulum  seismogram  does  not  generally  constitute 

the  most  jicLive  pai  t  oi  thv  rcnl  oartli(iuake  motion,  being  the  effect 
due  to  the  proper  insti-umental  oscillations.  As  the  natural  period 
of  a  Milne  seismograph  is  usually  set  at  about  15  seconds,  the 
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maximum  in  question  probably  corrosponds  to  tho  middle  part  of 
tlie  6th  section,  or  the  4th  phase  of  the  principal  portion,  in  which, 
according  to  §  8  (p.  16),  the  predominating  period  is  and 

whose  iiinplitudo  is  large  uiid  equal  to  about  of  that  in  the 
preceding  })hHso.  The  following  table  is  based  on  the  datii  given 
in  Professor  Milne's  Circular,  No.  13,  epitoraissed  in  the  table 
given   in  §  65. 


TABLE  XVII.   Milne  Horissontal  Pendnlura  Observations 

of  the  "  Ab3olut<^»  Maximum." 


Station 

Epioential 

Distant  =rr. 

limeof  (ifcnr- 

?'AiinA  nf  \  1  \<u  fcl 

■Max.-/„. 

EQ.  Origin, 
Bairut. 

K  ni 

[0  49  4Rr=/o] 

Il  rn 

1  24.r, 

34.7 

Kew. 

58  05 

1  29.2 

Edlnbiugh. 

58  48 

1  31.5 

Shide. 

58  52 

1  30.0 

Laverpool. 

59  16 

1  30.0 

Faialej. 

i>9  80 

1  30.7 

1 

...58  55 

130.4 
1  34.0 

40.6  1 
44.2 

San  Fernando. 

66  64 

Pont.i  iH  lgjida. 

79  54 

1  rA.r> 

Cape  Towu. 

sr,  4*; 

...8350 

160J26 

1  .'57. 1 

1 

A'ictorin,  B.C. 

97  42 

Toronto. 

im  HO 

1  r>4.3 

lialtimore. 

)(U  -17 

•1  1<V0 

.10120 

2  0.5 

70.7 

r,„  ciilcnlated 

by 

•  Dinrt  Methoil." 


1.85 


2.69 
2.80 


2.68 


2.65 


Average    (Bairut  excepted )   2.67 
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The  mean  value  of  the  velocity  la  thus  2.67  km/soc., 
agreeing  &iirly  well  with  the  value  of  the  transit  velocity  of  the 
4tk  phase  of  the  principal  portion,  previously  obtained,  namely 
r«=2.8  km/see.* 

117.  Bernm^  on  and  t%  eaiaOated  hy  **JHte<k  MeOkod,'* 
«s      As  shown  in  Fig.  12  and  Table  XTII  (p.l70),  there  seems 

to  be  a  slight  iiicic^ase  with  tho  radial  distance  of  the  velocity 
(v^)  of  the  Ist  phase  of  the  princi}>al  jMntion  ;  varvin^i;  l>otwoen 
3.83  km/sec.  for  Taihoku  27')  to  4.42  km/Hec.  for  Tacubaya 

(or— 128^  47').  The  average  rate  of  increase  of  the  i?«  between  the 
the  distance  limits  under  consideration  is  about  0.00686  km  per 
degree. 

Comparing  the  observation  at  the  Japanese  stations  with  those 
at  the  Middle  Europe  stations,  we  have 

( i )   Tokyo,  Oanlcm  Tkdotfiii  mean  ar = 48"  5C';  v, = :^.82  km/aec. 

(u)    Leipzig,  Rot'ca  di  itajm,  Guttingeu,  Qtiarto-rastello  

x  =  rA°lH';  V,  =  :i.9 -)  km/we. 
The  diflereucea  of  the  x  and      l>etweeu  (i)  and  (iii  nro  as  follows:— 
(iiHi)  d»=2°22';  i;i;,=0.13 km/sec. 

Now,  according  to  the  average  rate  of  velocity  increafie  as 
above  mentioned,  the  increase  in  r,  corresixwding  to  f>.r— 2  22' 
()u>iiit  to  hv  about  0.010  km/see.  Than,  if  the  identiliciition  of  the 
coniniencenient  of  the  Ist  phase  of  the  principal  portion  in  the 
different  seismograms  bo  supposed  to  be  correct,  then  the  velocity 
for  Japan  was  slightly  slower  than  that  along  the  path  to  the 
Middle  Europe. 

Vj  Aeeording  to  Fig.  14  and  iui)le  XV  (p.  172),  the  veKxjity 
(r,)  of  the  oi-<l  j)ha.so  of  prinfipnl  ]»r)rtioii  reinqinod.  for  the  epiroTit- 

*  Tba  PHUieoMow.  No.  38» 
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I'ig  11.    Indian  Eartlujuake  of  1905.    Relation  to  the  Epieentral  Distance 
of  the  Time  of  Commeuoement  of  the  Principal  Portion. 


Fig.  12.    Indian  Eqke  of  1905.    Relation  to  the  Epieentral  Distance  of  tJie  Velcn  ity 
of  tlie  1st  Phase  of  the  I'rinc.  Portion,  Calculated  by  "  Direct  Method." 


'  Google 


PL  vn. 

lig.  13.    Titdiun  Kqke  of  IDOa.    iUilatiou  to  the  E])U'«>utrol  l)i-,lauce  of 
the  Time  of  Occorreiice  of  the  3rd  Phase  of  i'riucipal  I'oition. 


Fig.  14.   Indiaii  Eqice  of  19(M.    Kftlatioii  to  tlie  Kpteeniral  IMntaui^  of  Uia  Yelocity 
of  the  3nl  Phase  of  Vnac  Votiiaa,  Calcnlatod  by  "  Uinect  Method/' 
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Fig.  15.    ludiuu  Eurtli(jimke  of  April  4,  1905. 
Kelatiou  to  the  E]iu'entml  Chord  Distnuce  of  tlie  VehK-itit  K  of  the 
Ifl*  and  2iid  Fxelimiuaij  TvainoirB»  Gakmlated  by  "  Dizeot  Method." 
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ral  distance  o£  SO  27'  to  128  47',  very  nearly  constant,  varying 
only  between  2.98  km/aoc.  (Japan)  and  3.31  km/sec.  (Tacnbaya). 
The  average  of  all  the  valncs  of  the  velocity  given  in  Table  XY  is 

Vj=3.U  kni/soc. 

Comparinji  the  observations  at  the  Jjipanese  stations  with 
tiiose  at  the  Middle  Europe  stations,  we  have : — 

(i  )   TndotBU,  Osaka,  Tok^xi  Mean  x=49^  =2.98  km/aeo. 

(it)    TidipKig,  Odttiugeu,  Qneiw.  (^uai-to-Castello,  Ximeniauo, 

 Mc(iu  x=r^^^v^'^,  y,rr:ii3kw/«ei:. 

The  velocity  for  the  Middle  Europe  is  tluis  0*15  km/sec.  greater 
than  that  for  Japan. 

m^'   The  velocity  (»•/)  of  the  absolute  maximuni  in  the  Mtlnc 
horizontal  iK^ndulum  .st  i.smograms  seems,  aeeording  to  Table  XVII, 
to  bo  practicaily  cx)n8tant  for  the  distances  (];=08  55'  to  .1;=  101 
80'. 

Appendix  to  Clmpfcr  VI. 

118.   TtffuHff  VtioeiHeii  calculated  aeeortUntf  to  the  mppasU 

Hon  of  tlic  ProiHfijntion  nUtitg  the  Chord*  The'  velocity  calcnla- 
tions  given  in  Chapters  W  to  Vi  are  based  on  the  supposition  of 
the  propagation  of  seismic  waves  along  the  arcnal  path  or  the 
great  circle  joining  a  given  observing  station  with  the  origin  of 

disturbance.  The  results  thus  obtained  arc  simpler  than  those 
ohtaincil  on  the  supposition  of  the  earthquake  propagation  along 
the  ciioitl. 

9 

The  following  table  gives  the  mean  values  of  the  transit 
velocities     and     for  the  different  groups  of  stations,  calculated 

by  the  "  direct  method "  under  the  bupposition  of  the  chord 
tmnsnnssion. 
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TABLE  XVUl.   tJi  and     CalciUutod  by    Direct  MetlKxl. 


»» 


StatiouB. 


Menn    Kpi- ! 
ceuiml  Dis- 
taaoe^a?    (Along  Chaid)(AknigClioid) 


Same  as  above,  Avitli  thtt  exoep-  |j 
tion  of  Tadotsn,  and  with  tne  ' 

."Liidition    ol    Hambtug  and  11 

Sti-ji«Hbniig  ' 

Mauritiiis,  Birmiugham,  PaiRley. . .  j, 

SIik!  -  K((w,  BimiDgliani,  liveiy  li 
]"K  I,  Paisley,  Edinburgh  , 

8au  I'Waando,  Cape  Town  j| 

Toronto,  Victoria,  B.C.,  Washing-  I' 
ton,  Cheltenlmm  

Chelteuhara,  Washington.  

Christchurch,  Wellington,  Torto 


Tacnbava. 


13  31 


TMofakeut,  Colaba.  

GolalMK  Barraekpove,  Gilouttn. . . . 

Lrkntsk,  TitUs,  and  5  oilier  Oanoa^ 
tdajk  BtaikioB.  

Ts/Sb,  Lrkntek  

Taahokn,  Jnzjew,  Manila.   ^     41  Ji7 

XiU]iokii,Jiirjev,Haiiilft»B«]eiade,  I 
Kmkau  || 

Tadotsn,  I'psala,  Kobe,   OHaka,  '^^ 

Laibach,    Messina,    Potsdam,  j 
Triest,  Pola,  Leipzig,  Lychia, 

Jena,  Booca  di  papa,  Padova,  | 

Tokj-o,  Mizusawa,    (lottingon,  j 

Qnei-ce,    Ximeuiano,    Quarto-  j 

Ca«t«llo   I 


^  42 
27  r>7 


43  22 


50  12 


km.iiiM. 

7.76 


and 


')()  24 

10.04 

m  5-1  ' 

7a  11  1 

9.9i 

9.22 

121  21  • 

128  47 

8.80 

4.20 
4.71 

5.23 


5.54 


5.C2 


5.62 


5.02 


;■).(«) 


ThuB,  according  to  the  supposition  of  the  choixl  transmission 
the  velocities  Vi  and     calcnlated  by    direct  method/*  show  oach 
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the  maximum  at  an  epiceiitrai  distance  of  .r=50'  to  00',  as 
illustrated  in  Fig.  15,  PL  Ylli ;  the  greatest  values  of  the  and 
being  lO.OB  and  5.62  km/sec.  The  greatest  values  of  the  two 
velocities  calculated  by  dii-oct  method  "  on  the  sui^sition  of 
the  tircual  tniUBmis«ii)n  uie  l().7t>  and  0.23  km/scHi.,  res}x>etively. 

The  cxisteuoo  o£  the  maximum  in  the  vahie  of  vmAi  of  the 
two  velocities  v,  and  v,  calculated  by  the  dii'ect  method  '*  seems 
to  indicate  the  absurdity  of  tho  supposition  of  the  chord  trans- 
mission of  the  vibrations  composing  the  1st  and  2nd  proliminary 
treiuuis  of  tlie  teleseismic  motion. 


Gmpter  Vll.  Duration  of  the  1st  Prellminiiry 

Tremor. 

U9.  Ohset*vat(oti»  at  the  Different  Stations.  The  dumtiou 
(^,)  of  tho  Ist  preliminary  tremor  foi*  each  of  the  37  different 
stations  or  giY)up  of  stations  is  given  in  Table  XIX,  tho  longest 
value  being  17"  10'  for  Apia  and  Tacubaya,  whose  mean  x  is 
121"  58'. 

TABLE  XiX.    Duiutiuu  of  the  1st  l^liminaiy  Tremor. 


Stfttioii.  ' 

Epioentml 

Dtiratiou  of  1st 

Distance  =x. 

Prel'nary 

Tremor =^,. 

Taachkeni 

ir 

20' 

Oolabu  (Ik^uhay). 

13 

28 

3 

31 

Calcutta. 

13 

1'2 

3 

09 

18 

35 

3 

ao 

180  ^>  Oman : 


Epioenlinl        '     Dimtimi  of  1«( 


KouaiJcoDAl. 

21° 

36' 

55* 

Tifiia.  1 

37 

20 

4 

43 

5  Caucauau  StiviiuiiB.*  | 

1 

27 

11 

4 

41 

1 

26 

10 

i 

4 

88 

Tttichu. 

89 

051 

6 

11 

TaiiMU. 

39 

06 

6 

15 

Tiulioka. 

39 

27 

0 

06 

1 

42 

35 

1 

7 

00 

Manila. 

34 

0 

38 

40 

40 

6 

S7 

ladotso. 

47 

02 

7 

00 

upeaia* 

47 

41 

6 

57 

A.oi]e. 

48 

03 

7 

do 

Usiikn. 

19 

7 

12 

49 
* 

19 

7 

17 

49 

46 

7 

15 

49 

48 

7 

05 

Triest. 

49 

52 

7 

00 

Poia. 

49 

55 

7 

14 

Leipzig. 

50 

IG 

7 

09 

Luliia. 

50 

30 

7 

18 

Kooca  di  papa. 

51 

15 

7 

18 

TokjOb 

51 

26 

7 

17 

Mistttiawa. 

51 

39 

7 

20 

Golitii^ieii. 

51 

45 

7 

17 

(^uerce. 

51 

54 

7 

16 

Xiiuouiauu. 

51 

55 

7 

14 

*  AcliidkuUki,  JBalam*  Jjanliom,  iterbeut,  twhemovba. 
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Kpicentml  Dimition  of  Igfc 


Quarto  CasteUo. 

5(5' 

15* 

Mean  1  60 

18       ,  7 

11 

Mauri  tins. 

5-, 

].", 

R 

09 

BimiiugiiiMU. 

')H 

8 

21 

Paittby. 

'M\ 

8 

18 

57 

51 

8 

16 

Cape  Tuwu. 

8r> 

9 

r,7  (?) 

CSheltenluun. 

105 

*ii 

14 

44 

Waafau^ton,  D.C. 

105 

17 

15 

12 

105 

SO 

14 

58 

A)ua  (Hainoa). 

115 

08 

17 

4!2 

Taoabaya. 

128 

16 

131 

n 

17 

10 

Compdriiig  tliu  oiniorvationtj  at  the  Japancssc  sUitionB  with 
thotic  at  the  Middle  Europe  stations,  we  obtain  tlie  following 

results : — 

'  Japan : — ^Tadotau,  Kube,  Omka^  Tokyo,  Miziiaaira  

Mean  s=49<>39',  yi=7'"ll% 
Middk  Europe:— Laibaoh,  Meflsina,  Potsdam,  Triesfc, 

{I )  • 

Poia,  hnpag,  laebia,  fioooa  di  papa,  Guttimeen.  Qneixje, 

Xiuteuiano,  Quarto-Castollo.  

Mean  a;=:5(r»27',  yi=7"12*. 

Agauif  taking  only  these  stations*  whuse  epieentnil  distance 
is  about  51  J^,  wo  ubtain  tlie  foDo^ving  results : — 
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h\  Uuu«i: 


'  Jttpan:    Tokyo,  Mi/.usaWH  ^iam  x  —  omW,  y,  =  7"'18\ 

..^     Middle  KiirojHi:    \ A^\\r/'\<^.    THcliia.    HiK'ca  di  papa,  Cidttiiigeii, 

l^ueivo,  XiiueuiHUu,  l,jiuuio-Ca8tello  

Mmn  x-Si"  22',  y,=7"  15% 

AecoKlin^  to  ( i ),  the  duratioti  f/,  was  ilie  twino  for  the  Japanese 

.stations  uiid  thosf  of  Middle  Euiupc,  tlic  mean  dLstancc  for  tho 
funnel'  gmiip  being  nearly  50'  ;^reatei-  tlum  for  the  latter.  Jiut 
aeoanliug  to  (ii),  the  tneau  values  of  and  x  for  the  two  Jap- 
anese stations  of  Tokyo  and  Mizusawa  wci'e  very  nearly  tlie  same 
as  those  for  7  (rormnn  and  Itiilian  stations.  From  this  it  may 
1h'  eonjtH  t urcil  that  tlie  rrlution  lK't\\iH'!i  .r  and  //,  dejx'nd.s  only 
slightly  OIL  the  luiture  of  the  path  of  the  eurthquuku  propagation. 

<BtikiHinh  ftehtfeen  the  X^Hceninti  IH€tai^  ttnd  the 
JDumfloH  of  the  l«t  JPiWimliirfi*|f  Ttvmor*  According  to  Table 
XIX.  the  mean  gronp  values  of  the  epieentml  disbince  {.i)  and 
the  eorresi)onding  duration  (^,)  of  the  1st  piieliminary  tremor  arc 
as  follows: — 


(i) 

«=11<» 

20'.. 

05* 

(1  statiou) 

Mi) 

1» 

86 

20 

'  (2  fftatbiiB) 

(  iii ) 

10  . . 

1 

a:» 

(7  ) 

(iv) 

to 

45 

(i 

27 

(5     „  ) 

(AO 

50 

12 

< 

11 

(1«   »  ) 

(Vi) 

57 

51 

S 

l(> 

»  ) 

(  vii  ) 

105 

20 

14 

58 

) 

(viii) 

1*21 

58 

17 

10 

{2  ) 

The  variation  of  witli  jt  is  ilhistrntcnl  in  Fig.  16,  fivm  which 
it  Nvill  be  Huen  that  the  relation  hvlwceii  the  two  t|uaiitities,  for 
the  group  values  of  (iii)  to  (viii),  may  appix)ximutoly  be  representetl 
by  a  straight  line.  Assuming,  thercforo»  a  linear  equation  t)otweeu 
X  and  ifi  for  the  limits  under  consideration,  and  calculatmg  by 
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Metliod  of  Ticast  Rqnarefi  tlio  vnliios  of  tho  conAtantn,  wc  obtain 

(1)  ;..ap^'"=18.77  yr-b76'^ 

The  above  eqnatioii,  which  k  U)  lio  n^arded  as  applicable  for 
X  between  abont  20*^  and  120^  raferR  to  the  obsm*ations  at 
diflferont  stations  of  the  Kangra  Eatliqiiake,  and  diflTers  frcm 

the  formulae  «;ivon  in  the  Publications,  Nos.  ')  jind  13,  which 
i"elato«l  to  ditii'ieiit  t'urthqiiakes  ob.Hi*i  ve<l  in  'r(')ky(\ 

ISL   C»mpari»«m  with  ilw  TiirkeHtuu  mul  San  JPmMinco 
JBewtUquaken,    Comparing  the  relations  between  the  x  and 
obtained  for  the  Indian  earthquake  with  those  obtained  for  the 
Tnrkestan  (KaahgHr)  i^ai'thqiiake  of  1903  and  thct  Stin  Francisco 
earthquake  of  1900,  we  have : — 

(1)  Indian  Eiurthqtiake  a,*'»=18.77       -  676*" 

(2)  Turkestan       „  *  9  =ll.fiO  y,   -  60 

(8)  San  Wandsoo  „  t  a?  =10,79  -1618 

The  (x]n,ilions  (2)  and  (li)  were  obtained  fmin  the  ohsen*a- 
tions  at  diflerent  seismologicai  stations,  relating  i^espectively  to  the 
Turkestan  and  San  B^ancisco  earthquakes.  It  thus  seems  that 
Uie  relation  between  the  x  and  \»  not  the  same  for  different 
earthquakes.  Of  almve  three  equations,  (2)  in  to  be  taken 
as  of  less  value  than  tlie  two  others,  ix^inj^  l)ase<l  on  a  less  number 
of  observations.  Supposing  the  weight  of  the  two  equations  (1) 
and  (3)  to  be  double  that  of  (2),  and  taking  the  average!!  1 
obtain  the  following  provisional  result: — 

(4)  x-'-  ^W.dS  /yr  -SW"" 

which  is  to  be  regarded  as  holding  good  for  x  between  about 
20^  and  140^ 

•Sae  UiA  ATWin.  Vol.  I.  K6.  4. 
t  «    „      „    .  Voi  1,  No.  I. 
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122.  CounMirtMon  with  JhJfiythqimkeH  of  Me/tr  Origin,  Ac- 
cording to  tho  results  of  the  observfitions  in  Tokyo  of  the  lai'go 
teleBej^lmie  diBturhancos  mentioned  in  {  8,  tho  durations  of  the 
Ist  and  2nd  preh'minary  tremoi's  are  in  the  ratio  of  100  to  05. 

Ifonfo  if  //  dcruih'  the  total  diiratioii  of  thf  1st  and  'ZnH  prt'limiiiury 
tremois,  Equation  (4)  of  the  pmuKliiig  §  in  tmnsfurmed  into  the 
following  :— 

(5) . ,  a!^"»=7.06  ^  -57e>", 

for      2000»"»<  X  <  ftbout  l(»,<)00k« 

Now,  for  the  oftrthqnakes  of  near  origins  observed  in  Tokyo, 
whose  distance  varied  between  70  and  000  km,  the  illation 
between  tho  epicentral  distance  (:r)  and  the  total  dnration  {y)  oi 

the  preiiminury  tremors  wei'e  as  follows*: — 

(Oj  «*"==7.27  ^+38""', 

for  70*«<a:<9fl0»'* 

Thus  wc  SCO  that  the  rate  of  increase  of  the  epiccntral  distance 
for  1  second  of  the  duration  of  the  preliminary'  tremor  is  practically 
the  same  for  distant  and  near  earthquakes,  as  follows : 

(  DistAiit  Eqff  i^=r.7.06km 

(  Near  EtjK   „  =7.27  „ 

This  fact  proliably  indicates  that  the  rate  of  sopaiation  with  inci'case 
of  tho  t'pk'.t'iitial  iUshiuc*'  oi  the  snccoKsivi'  phases  of  tho  seismic 
motion  is  lu  arly  tho  sanio  for  eartliqualcts  of  near  and  distant 
origins,  within  the  limits  of  x  under  consideration. 

The  cases  of  thope  earthquakes,  whose  epicentral  distance  (x) 
is  loss  than  70  or  100  km.  must  be  troatofl  specially. 

TiM  FMUealkiit^  N04 19. 
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Fig.  16.   Belation  of  the  Daration  of  the  Ini  rreiimiuary  Tromor 

io  the  Epicentral  DistanoB. 

The  Msdc  dote  (•)  tcCw  to  iDdfaa  Eqln ;  9  ■Ball  vliito  drelM.  wUoli  atao  Mhr  to  llie  Mm*  eqlM 

^    ^      (tur  Tn8<-hk«nt  and  2  Indian  StMions  at  Colaba  nnd  Calcuttn)  niny  relate  to  the  total  pn*!.  tremor. 
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123,  BeHaUon  between  on  and  yi  beued  on  the  Tokyo  Qbaerva- 
Mtuw  0/  4>^erenit  TOeeeUmie  IHMtff^n eed.  Let  us  finally  con- 
sider, for  the  sake  of  reference,  the  relation  between  the  duration 

(;?/,)  of  the  1st  ]^i('liminary  tromoi-  uikI  the  opicotitral  distance  (.t), 
liased  on  the  Itorizontal  peiululiim  obsen'ations  at  Tokyo  of  the 
following  10  large  teieseismic  disturbances,  whose  origins  are  more 
or  less  definitely  known. 


TABLE  XX.   Miscellaneous  Observations  in  Tokyo. 


Ettthqimk*. 

Sftte. 

Time  of 
OiTurronco 

in  Tokyo 
^tx  (G.H.T.) 

PoAilioD  of  Eqke 
Origin. 

Epioeatral 
Dfaitaaoe 

OnmtioQ  of 

irt  pm. 

Idititaa«. 

Longftod*. 

Tninorsif,. 

li    m  « 

17  11  00 

199*00'  E 

43*  SO' 

m  II 

6  4A 

Twilimlan 

Ang.  n,  1909. 

SOO  83 

99  43  N 

78  00  E 

49  32 

6  44 

ApriL   4,  1905. 

0  59  lie 

31  49  K 

77  00  B 

6198 

7  17 

Smi  Fnmonoa 

ApiiL  18,  1906. 

13  24  36 

38  18  N 

198  00  W 

78  41 

8  49 

Karth  iTnpnn.* 

Fe1>.   19,  1(07. 

21  01  06 

38  80  IT 

143  30  E 

79  98 

9  65 

ClnlAliria. 

8ppt.     S.  1905. 

1  56  0!) 

38  SO  N 

M  Ifi  E 

m  02 

10  41 

Aidin. 

Sept.    Sill,  MM. 

2  24  27 

37  50  N 

2ii  t)U  K 

8  2  29 

10  19 

Gontemalii. 

April.  19.  mn. 

2  38  47 

14  :iO  N 

91  15  W 

iin  23 

15  40 

Corncns. 

Oct.   2i*,  \m). 

9  .11  52 

10  00  N 

6R  00  W 

127  19 

15  55 

Aug.    17,  1906. 

1  no  34 

31  00  S 

73  00  W 

152  22 

IS  59 

The  relation  iK^tween  the  t^  ;iiul  x  is,  as  is  giaphieally  shown 
in  Fig.  17,  very  irregulnr,  dne  probably  to  some  variation  in  tlie 
values  of  the  constants  characterizing  the  linear  equation  for  each 
of  the  diffei'ent  earthquakes.  Calculating  the  constants  by  Method 
of  Least  Squares  from  the  results  of  the  observations  contained 
in  the  above  table  wo  obtain ; — ■ 

*  Thin  civrllninnkr'  was  observed  nt  rotstlum  by  tLf  pres«'nt  imtbor  with  RfllM  ur  Horizontal 
Pendiilnm,  the  time  {t^),  aud  (be  ilunttio|i  of  ti^  1st  preliminnz^  trejnojr  ajre  tjio  Toju^ 
rejdting  to  PotadMn, 


Digitized  by  Google 


186  F.Omari: 

(7)  ac"'"  =  14.42  ?/i -148'"", 

for        40°<ir  <a1xjut  l:"5(l**; 

This  fomiiila,  wliich  is  a  revised  form  g£  tliat  first  given  in 
tho  Publications,  No.  5,  may  be  regaiided  as  being  applicable  to 
the  observations  made  in  Japan.   Equation  (4)  given  in  the  pre* 

ceding  §  is  to  be  regaidod  as  cxpios.sijig  tlu'  approximate  mean 
relation  between  the  x  and     for.dillei'ent  stations. 


Chapter  vm.  PerkHis  of  Vibration. 

134.  QiuirtO'OiHteUitnml  Binnimfhanu  By  way  of  illui^tm- 
tion  let  ns  examine  the  periods  of  vibration  occnmng  in  the 
Qoarto-Castello  and  Birmingham  diagrams,  which  were  famished 

by  Stiattcsi  and  Oinori  soismofcmphs  i  os|>ectively  (§§  29  and  33). 
In  thu  subsequent  tables,  ilie  periods  more  frequently  occumng  are 
given  in  fat  prints. 


TABLE  XXI.   Teriods  of  Vibmtion  at  Bii'miugliam. 


1st.  prel. 

2nd  prel. 

1st  and  2ud  3rd  Pliase.  I4tli  Plia.se, 

End 

Meat]. 

Ti-emor. 

Ti-emor. 

rii.,  p.p. 

Princ.  Port. 

Priuc.  Port. 

Portion. 

me. 

4.6 

4.6 

ate. 

■M. 

•ec. 

4.6 

7.1 

7.5 

7.3 

9.7 

9.9 

9.7 

10.4 

9.9 

12.0 

12.3 

12.2 

16.5 

14.7 

U.3 

14.8 

18.8 

17.9 

16.7 

17.8 

31.4* 

31.4* 

«  — 

36.6 

36.6 

(*I>ao  to  proper  pciMlnliiiu  uiutkm.) 
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TABLE  XXII.    Periods  uf  Vibration  at  Quarto-CastcUo. 


Ist  rreliminary 



SndFuelilliiiwiy 
Tsnaioff. 

_ 

Istond'ind  Ph. 
Piino.  PtetioD. 

3rd  Fbaae, 
Piiiio.  PiQiikw. 

Later  PL.  of  ! 
Ftino.  Port. 

Mean. 

48 

48 

4.9 

— 

49 

47 

6.4 

6.9 

47 

9.1 

10.0 

9*1 

A  A 

U.1 

12.1 

11.6 

15.0 

14.5 

14.8 

♦ 

16.7 

16.7 

18.8* 

18.8 

2G.G 

2().() 

29.8 

5().() 

54.5 

645 

Comparing  Tables  XXI  and  XXn,  we  see  that  nearly  all  of 
the  dilferent  jx^riods  at  lliiuiingliam  are  to  be  found  also  at 
Qnarto-Castello.  Again,  Ji-oin  Table  XXII  it  will  be  seen  that 
the  two  periods  of  mean  values  of  4.7  and  0.2  sec.  oooorred  in 
the  successive  phases  of  the  Quarto-CasteUo  seismpgram.  The 
two  corresponding  periods,  whose  mean  values  are  4.6  and  9.9 
sec.  respectively,  also  occurred  in  most  of  the  different  phases 
of  the  Birminghnm  Hoisiiioixram. 

135.  TaUwku,  Xaidm,  Tahtan,  Table  XXin  gives  the 
period  (T)  and  the  maximum  range  (2a)  in  each  of  the  successive 
epochs  of  tlie  earthquake  motion  registered  at  the  three  Formosan 
stations  of  Taihokn,  Taichu,  and  Tainan  (§§  2;"),  20,  and  27).  The 
observations  at  tlieset,  places  may  be  regarded  as  examples  of  the 
seismic  records  furnished  by  horizontal  pendulums  of  compar- 
atively short  period. 
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TABLE  XXUL  T  and  2a  observed  at  a  Formosan  Stations 
of  Taihoku»  Taichu,  and  Tainan.   EVY  Component  SeiBmogiama. 


TaUioku. 


Taicliu. 


Tuiiiau. 


[1st  Preliminary  Tremor.] 


DomtioiiBftiii  6ft 

Tmisn*^  an*  - 
2.tu  „  — 

3.30  ., 

43   .  O.Oan»' 


IKliKtiini«6»  14* 


5.8  „ 


0.17IMU. 


0A)8 


['Ind  Frelimimiry  Tremor.] 


1   l)nra(iou  =  5"'  25" 

DnrHtiOD 

=  5"'  10- 

1   

r«4^««-  2as0.1 

•2a  =  l».:W"" 

7*=  —       2a  =  — 

0.3  „ 

12.1""  2.3"»"« 

ax  o  0.1 

1  - 

[1st  and  2nd  FhaseSt  Principal  Portion.] 

nni»tioils4n  36* 

Dnmtiott 

e4n  50" 

f3nd  ]tiel.  Trem..  M 
land  '2nil  I'h.,  Princ 
'Portion  «w46« . 

(i) 

During  Ui«  fint 

 «« 

r-  aasOjoB""" 

10^  „  — 

41^.,  0^„ 

(ii) 

Pming  the  nest 

11*  

41*  , , 

4  (}«<•. 

0.2:J""" 

6.8  „ 

0.50  „ 

10.0  „ 

2.0  „ 

II.S-'^^''  4.G'"'" 

165  „ 

15.3  „  - 

31P*"=-  3.1 
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i  TaJLokiu 


Tainaa 


(i)  Doiiiig  tfcw  fipit 


{&)  Ouiqg  IJm  nnt 


[3rd  Piiaae,  Fiiucipal  i'oriiou.] 


'  Dimtioiis5»  ao> 

 5"  «•  

r-  —      2a-  — 

TB9J0n^ 

 a«  i»  

 J»"» 

5.0**'- 

.8«i 


11.8  .,          a.05"""        8.9  .,          «.3  „ 
-               —     1      14^  „  „ 

1 

* 

itb,  etc.,  riiase!;},  J 
r«  —     %»»  — 

/riucipal  I'oiiioii.] 
..DonttimisSiB  S*.. 

..DniatuMitsem  9* 

End  Fo 

rtion. 

Tm  5.3k«-  aa»0.17><n" 
Bj9^        OA  „ 

13.6,.  ai7„ 

Accoidinii  to  tlie  above  tabic,  there  is  between  the  tlirct' 
stations  often  u  marked  difference  in  the  amplitudes  con*os|X)nding 
to  a  given  period,  boiog  o.bviously  .the  effect  duo  to  the  difference 
in  the  amount  of  friction  and  the  stability  of  tlie  "  steady  mass*' 
in  the  three  scismc^raphs. 

The  following:  table  f,'ives  the  results  obtained  by  taking 
together  the  analvHes  contained  in  the  preccdin*^:  the  '2(i  is  the 
mazimnm  value  corresponding  to  a  given  period  in  the  three 
Btefions.  '  •   ^    '     .  % 
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TABLE  XXIV.  3  Foftnoaan  Stations.  Elementfi  of  Motion. 


lut  I*rel.  Trem. 

Dur.-ti"  12" 

Dm.  =  5"' 18* 

latmiaSiiAIIi. 

Princ.  Port. 

9tA  rime. 

IMnc.  Part. 

sen  IrlHK. 

Priofi.  Bolt. 
Dnr.s  ~ 

Yjid  FottioB. 
— 

T  3a 

T  3a 

T 

3a 

3a 

7  3a 

T  3a 

Mc,  mm. 

1.07  — 

MC  nm. 

MK. 

Mm. 

iwm. 

MC  Dili. 

3.3  — 

48  0.17 

4.7  0.33 

0.33 

0.33 

M  0.17 

6.8  — 

6.8 

0.50 

11.2»  3,3 

UM) 

3.0 

13.8 

8.4  1.3 

10.8  0.6 

13.8*  0.06 

11.8*  13.8 

iao»  e.8 

18.8*  6.6 

31.»  0.1 

22.3  — 

1&9 

116 

11.9 

41.2 

0.22 

(*  Pkolmfalj  4m  to  pwiiMiittcwtllBtkwMi). 


In  the  above  (able  the  periods  given  in  £at  letters  are  those 
meaned  from  the  values  for  the  two  or  all  of  the  three  different 
statiotiB.   The  average  values  of  these  periods  are  as  follows: — 

4.96  sec;  (iimx.  2a  =  (>.HH""",  iu  2iid  iJiei.  ti-em.,  and  3itl 

phase  of  piiiic,  jxjrt) 
9.70    ,y  ]  (max.  2a =12.8°""  ,  3rd  ph.  ui"  piiiw;.  poiiiou). 

lSi3       n  »   (      »»       =11.9'"'"',  „  .) 

Thus  the  period  of  4.96  sec.  occurred  throughout  the  dif> 
ferent  portions  of  the  earthquake  motion,  the  period  of  9.7  sec. 
occurring  in  the  principal  and  end  portions.   The  longest  periods 

of  30  and  41.2  sec.  occurred  in  the  1st  and  2nd  phases  of  tlie 
principal  portion.   The  vibrations  of  average  periods  of  9.7  and 
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15.3  80C.  had  the  greatest  2a'B  respectiyely^  of  12.8  and  11.9  mm, 
whUe  those  with  the  periods  of  4.96  sec.  had  a  much  smaller  2a 
of  0.38  mm.   The  vibrations  of  the  maeroseismic  nature,  or  those 

of  2*=  1.07,  -.1,  and  3.3  sec,,  wcro  very  small. 

The  values  of  the  different  periods  meaned  from  all  the 
phases  of  the  earthquake  motion  are  given  in  the  following  table ; 
the  corresponding  2a*s  being  the  maximum  ranges  among  the 
three  stations. 

T=1.07  sec.,  2a  =— mm. 


2.1 

3.8 

4.9e 

0.83 

6.3 

0.60 

12.8 

12.4 

las 

]&8 

11.9 

21.7 

0.1 

30.0 

8.1 

41.2 

0.22 

That  vibrations  of  poriods  respectively  equal  to  the  two  last 
of  the  above  series  have  been  registered  by  the  short-period 
horizontal  pendulums  indicates  the  existence  of  slow  movements 
with  large  amplitude. 

186*  ^oie  on  the  HoHmntal  JPes^dulum  OboeirvaHaM  of 
JBlEirCfttfiKilaM  at  Tainiwh  For  the  sake  of 

reference,  I  give  here  a  few  remarks  on  the  period  of  vibration 
at  Taichu  based  on  the  examination  of  the  eastwest  diagrams  of 
12  earthquakes  observed  at  the  latter  place  l^etween  Jan.  1903 
and  Sept.  1904.  Each  of  these  earthquakes  was  of  a  compara- 
tively near  origin,  and  the  duration  of  the  total  preliminary  tre- 


Digitized  by  Google 


192 


F.  Omori: 


mor  varied  between  11  and  and  31  stxi.;  the  total  earthquake 
duration  varying  from  7^  to  22  min. 

Tho  average  complete  periods  in  the  different  phases  of  the 
earthquake  motion  were  as  follows: — 

PiiHminary  Tremw.        Prindptd  PotHm,        End  Portkn, 

nee.  Me.  ««r. 

0.69  3.4  H.3 

4.6  4.07  4.06 

ao  7.6 

10.3 

Thus  the  period  of  vibration  most  frequently  happening 

throu*iliout  the  three  pnncipal  f1i\n8ions  of  the  earthquake  motion 
varied  between  4.0  and  4.07  sec.,  the  gciu  inl  mean  vahie  Ix^in^r 
4,9  sec.  This  ia  evidently  identical  with  the  period  P„  found 
from  the  seismograms  obtained  in  Tokyo;  the  value  of  P,  meaned 
from  the  observations  at  Hong<)  and  Hitotsnbafihi  (both  in  Tokyo) 
being  4.6  ace.  Further,  the  period  P,  i«  identical  with  the  period 
Q^,  of  the  "pulsatory  o.seillaiioiis,"  at  Tnkyo.  whose  mean  value 
wa-;  found  to  l)e  4.4  sec.  (See  the  "  Publications  of  the  Eartluj. 
Inv.  Comm.,"  Nob.  5  and  13.)  Hereby  it  is  interesting  to  note 
that  the  horizontal  pendulum  diagi-ams  obtained  at  the  town  of 
Taito,  which  is  on  the  eastern  coast  of  Formosa,  indicates  pul^ 
satory  oscillntions  of  nn  aveiuge  jx^-iod  of  about  5.0  sec. 

Tin?  liori'/A)utal  pendulum  employed  >it  Taichu  was  unable,  on 
account  of  the  shortness  of  its  peria<l  of  £iv<.i  oscillation  ( =  1  usee.), 
to  satisfSactorily  register  vibrations  of  much  longer  period.  On 
this  very  account,  however*  1  was  enabled  to  recognize  the  ex- 
istence in  the  principal  portion  of  vibrations  of  P,  ]x>riod.  That 
the  loug-iAiiiud  hori/nnlal  ])Oudulums  at  Tokyo  did  not  nsually 
sliow,  in  cases  of  \nv*io  eartlupiakes,  vibmtions  of  Pj  or  P,  period 
in  the  principal  portion,  is  probably  due  to  the  predominance  of 
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the  record  of  Blow  period  movements,  the  short  period  ones  being 
thereby  obscured. 

127,  Onffk/f,  Trtblo  XXV  gives  the  poiiods  occurring  in  the 
diffei-out  phasi's  of  oarth(iuakt>  motion  at  Osaka  (§  22), 


TABLK  XXV.   Pencils  of  Yibmtion  at  Omka. 


lit 


and. 


3id 
4th 
6ih 


Eod  PortioD. 
Wt 

Mean' 


i  *»c. 

i  4.6 

«ec. 

7.8 

Me. 

Me. 

■ce. 

23.8 

Me. 

_ 

20.2 
21.7 

25.5 

(32.5 
130.0 

28.3» 

'i  ~ 

11.8 

24.2 

26.8» 

10.5 

22.2 

10.2 

14.4 

18.5 

10.8 

14.2 

21.7 

— 

18.5 
18.5 

20.4 

25.1 

1 

7.8 

10.7 

14.3 

18.5 

24.7 

132.5 
130.0 

27.6 

(*Fioi«r  penAQliiiii  OMiillatiiaas). 

The  periods  of  vibration  in  the  TT,  motion  -was  18,5  sec,, 
being  cHiual  to  that  of  the  most  active  part  in  TfC. 

From  Tabic  XXV,  it  will  lx»  seen  that  the  jxn'icKls  of 
average  values  of  iM.i  an<l  24.7  sec.  occurreil  in  tlie  different 
phases  of  the  eai-tiiqaake  motion  as  well  as  in  the  wave,  or 
the  movement  pixtpagated  alonji;  the  major  arc.  Again,  all  the 
diflbrent  iJeriodK  owjnrring  at  Osaka  can  be  identified  in  the 
seismograniH  t»i)btini^l  ut  tlio  .stations  considered  in  the  precetl- 

§§• 

128.  Compapiton  oftlte  NS  OomponetU  Meeords  at  Tokifo  and 
JC*«.   The  following  table  gives  a  comparison  of  the  elements 
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of  motion  in  the  NS  conipoiiciit  wordtMl  at  Tokyo  and  Kobe, 
based  on  the  analyses  given  in  §§15  and  23. 

TABLE  XXVI.    Pcniods  of  Vibiatiou  in  the  XS  ComjiOiient 

at  Tokyo  and  Kobe.     (*  —  Peudulum  OucUlation.) 


Tokyo. 


Kobe. 


[lat  Preliminary  Tremor.] 


S3  7»»6i 

Dnratiou: 

^T^O* 

2a:=0.U""» 

T=4.4'«^ 

2o=0.05""- 

— 

11.6 

— 

0.22 

— 

20.0 

0.43 

— 

— 
29.8 

0.43 

— 

[2nd  Preliminary  Tremor.] 

Dniation: 

=8«20« 

T>umtion= 

r,"'  44V?) 

•   2a=  — 

ao.o** 

40.4 

3.53 

45.0» 

3.95 

55.2 

[Principal  Portion.] 

10.7'" 

1.7""" 

10.7"^ 

0.19""" 

19.5 

1.3 

18.2 

2.0 

22.8 

0.68 

23.5 

1.1 

28.3» 

8.2 
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Tokju. 

Kobe. 

33.0**^ 

o  '7  mm 
J.  1 

40.3 

4.8 

44.3* 

8.3 

65.8 

S.0 

[End  Portion.] 


0.3"'" 

13.1-*^ 

niBi 

36.2 

[H^,  Motion.] 


mill 

18.8 

0.12 

25.8 

U.IO 

29.6 

4n.O* 

0.10 

The  following  table  has  been  formed  from  a  comparison  of 
the  periods  at  the  two  stations  as  given  in  the  preceding  one. 


TABLE  XXVli.    Mean  Periods  oceiuTiii^^  at  Tokyo  aud  Kobe. 

NS  Component. 


1st  preliminary 
Tremor. 

2ud  Pi-elimiuai'j 
Tremor. 

Priucipai 
Fortioii, 

ETvd 

Foriiou. 

T  2a 

Mb  mm 

4^  0.14 
11.5  — 

T  2a 

Me.  am 

T  2a 

MC  Mm 

10.7  1.7 

T  2a 

■Ml  nn 

T  2a 

MC  Mm 
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Ist  Pxeliminary 

iSnd  Fralimiuarj 

Friucipal 

■ 

■  Tremor. 

Tismor 

PoitioD. 

Portioii. 

T 

T 

2a 

T 

2a 

T 

2« 

MID 

18.0 

in  )i  1 

o.a 

■mi 

lajj  — 

15.8 

0.22 

14.8 

0.43 

18.9 

2.0 

1841  0.12 

1.1 

2i;.2 

25.8  0.10 

29.8 

0.43 

3.0 

8.2 

29.5  — 

1.63 

33.0 

2.7 

40.4 

3.53 

40.8 

4.8 

4o.0» 

3.95 

H.:{ 

io.O*  0.10 

55.2 

55.8 

2.0 

In  tho  above  tabic,  tlie  amplitude  coi^responding  tu  any  given  period 
is  tho  maximum  among  thoBo  for  the  two  places. 

Tho  values  of  tlie  different  periods  mcancd  through  all  the 

(lifTc'ront  iK)rtioiis  of  ihv  t'Hrth<]uakc  motion,  and  tho  corrosiKMidinjj; 
loaximum  2a's,  are  jrivon  in  tho  ft)liowinj?  tablo ;  tho  vahios  of  tho 
Ijoriods  evidently  due  to  the  pendulum  oscillations  being  excluded. 


r=  4J  see.. 

2a =0.14  iniit 

HI 

1.7 

12.7 

0.3 

15.3 

0.22 

19.2 

2.0 

24.6 

1.1 

29.4 

OM 

33.3 

2.7 

40.2 

4.8 

55.5 

2.0 
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Many  of  these  peiiutk  will  bv  found  to  exist  also  in  the  Osaka 
and  Formosa  EVV  itscords,  as  well  as  iu  the  Birmin<j;ham  and 
Quarto-Castelio  seismograins.  It  is  to  be  specially  noted  tbat  the 
two  last  in  the  above  aeries,  namely,  the  long  periods  of  40.2 
and  55.5  sec.  occurred  respectively  in  the  Formosa  and  Qoarto- 
Castcllo  records. 

1S8.  Ameriean  mid  Mexican  matUnuh  Tables  XXViil  and 
XXIX  give  respectively  the  periods  and  the  corresponding  max. 
moyem^ts  at  the  American  and  Mexican  stations. 

TABUS  XXVm.   Periods  and  Range  of  Vibration. 

EW  Component 


Phase  of  inotbii. 

CSi^tenliam.  j 

1 
1 

Tooabaya* 

Mean. 

T 

1 

T 

2a 

T 

2a 

lilt  PkeL  Tietnot-. 

7.H 
12.3 

Ml  in 

^Hinnll) 
0.05 

7.7 
14,2 

mm 

IMC. 

7.8 
13.3 

0.05 

11.7 

(tiiuall) 

11.7 

* 

'lud  Vi\si.  Tryiuor, 

14.4 

0.05 

32.2 

0.10 

14.4 
32.2 

0.05 
0.10 

41.0 

0.10 

41.0 

0.10 

64.0 

0.12 

64.0 

0.12 

r)4.0 

((.12 

57.4 

0.10 

55.7 

0.12 

1st  ttud  tlud  PliaseHt 
Principal  Pbrtiou. 

ao.o 

0.12 

0.08 

45.8 

:{7.r, 

(►.10 

0.12 

15.7 

:i7.r, 
ao.d 

0.12 
0.12 
0.08 

0.12 

24.« 

(tiiuaU) 

2:5.0 

0.12 

15.2 

(mtiall) 

15.2 
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rimsti  of  mutiou. 


ChBlteiiiiaiu. 


Tacubuya. 


Meau 


Priocipal  Portiou. 

4tli,  etc.,  I'luvses. 
l*riuci|ial  Foiiiou. 


7'       '2o  i 
,u,v  Dim  I 

19.7  ♦  0.8a  I 


15.(J  0.21 
JJO.2  »  0.36 

18.G  »  0.28 


T  2i 

18.1  •  0.16 
33.5  0.12 

17.5  •  — 

21.2  ~. 

18.0  *  0.10 


T  2a 

32.0  0.12 
15.0  0.21 


TABLE  XXIX.   Poiiods  aud  Range  of  Vibmiion.  Component. 


PliMe  of 

motion. 

1 

,  CbeUieiibam. 

Waohtngton. 

Tacabaya. 

I 

1  Mean. 

T 

2a 

T 

2« 

T  2a 

! 

T 

2a 

live. 

nun. 

tmc. 

raui. 

nitUi 

4.3 

4.3 

Iht  Vvel 

7.1 

0.3 

8.9  — 

7.4 

Tmmor. 

,  12.6 

12.0 

30.3 

30.3 

40.7 

0.15 

10.7 

0.15 

8.4 

a4 

11.2 

11.2 

31.4 

21.4 

Sod  Fret. 

24.U 

0.00 

24.(5 

0.0<) 

Tremor. 

m.7 

0.09 

28.0 

29.4 

0.09 

1 
1 

39.5 

39.5 

40.0 

0.07 

1 

46.0 

0.07 
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Flttss  of 
motion. 


Ifltand  2nd 
Phases, 
Princ.  Portiou. 


3nJ  PliaHe, 
Princ.  Portinu. 


4th  FhaM,  PfiocJ 

IVhIiID. 


Wt 


Cheltenham. 

Waahingkm. 

Tacnbaja.. 

Mean. 

T 

2a 

T 

2a 

T 

2a 

T 

2a 

MR. 

62.3 

0.14* 

— 

— 

— 

— 

Me. 

62.B 

mm 

0.14 

48.0 

0.09 

49.6 

48.8 

0.09 

44.8 

45.0 

0  10  1 

44  7 

0.10 



— 

— 

40.3 

0.10  1 

40.3 

0.10 

29.8 

0.24 

— 

— 

— 

29.8 

0.24 

— 

27.8 

0.08 

— ' 

27.8 

0.08 

25.8 

25.8 

14.1 

' — ■ 

14.1 

— 

17.5* 

2.12 

ir>.i 

15.8* 

o.ao 

15.1 

21.2 

19.4* 

1.2 

21.2 

24.0 

0.12 

1  24.0 

0.12 

16.1* 

0.21 

1«.3* 

1  t  1G.2* 

0.21 

21.6 

0.05 

1(21.6 

0.05 

29.0 

().0<) 

27,1) 

'28.0 

O.OiJ 

22.8 

0.19 

21.9 

22.4 

0.19 

18.6 

19.4 

0.48 

19.0 

0.48 

1«.5 

16.0* 

0.15 

16.3* 

0.15 

13.5 

13.5 

The  NS  and  E!W  components  correspond,  in  the  cases  of  the 
American  and  Mexican  stations,  approximately  to  the  longitudinal 
and  transverse  waves,  and,  as  will  be  seen  fi-om  Tables  XXVITt 

and  XXIX,  tlio  vibrations  in  the  principal  portion  and  motion 
was  markedly  gi'eatt»r  in  the  N8  component.  Similar  periods, 
however,  seem  to  oocnr  in  the  two  horizontal  oomponents,  the 
notable  examples  being  slow  periods  of  40  to  over  60  seconds. 
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The  mean  periods  of  vibration  deduced  from  tlie  EW  and  NS 
component  obsonrations  at  the  three  stations  in  question  are 
given  in  Table  XXX;  the  2a*8  being  each  the  corresponding 
maximum  range  among  the  <1ifferent  eompononts. 


TABLK  XXX.    I'c'iiods  and  Puiiigo  of  Vibmtion.  ami  NS. 

Ciieltc^nham,  Washington,  Tacubaya. 


Plmse  of 

luotioii. 

T  aa. 

1 

j      Fhaae  of 

'  motion. 

i 

T  2a. 

1st  rrelinuQAry 
Tremor. 

2ud  Preliroiaary 
TsBnunr, 

» 

1st  and  2nd  Phases, 
Priucipnl  Portion. 

*ac.        mm  1 

4.3  — 

7.6  - 
13.0  0.05 
30.3 

40.7  0.15 

8.4  — 

115  - 
14.4  0.1)5 
21,4  — . 

24.6  0.0G 

20.4  0.09 
32.2  0.10 

40.8  0.10 
40.0  0.07 

63.2  0.14 

65.7  0.12 

468  0.09 

469  0.12 

40.:j  D.IO 
-7..")  0.12 

29.9  n.24  ' 

27.5  (i.OH  * 
24.7  0.12 
14.7  — 

1 

PriDcipal  PortioiL 

4th.  eto.  Ph.,  P.P. 

End  porticm. 

1 

1 

1 

1 
. 

15.1  — 
2L9  0.12 
24.0  0.12 

15.n  0.21 
10.2*  0.21 
21.G  0.05 

28.0  (UHi 

22.4  0.19 
19.0  0.48 
16.3*  0.15 

18.5  — 
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Finally  taking  tbo  averages  of  the  difi^rent  periods  from  the 
saccessive  phases  of  motion,  we  obtain : — 


=  4.^  sec. 

2a=  — 

7.9 

11.5 

14.3 

0.0.5 

2L2 

0.48 

Ul 

0.19 

8L1 

0.24 

37.5 

0.12 

40.4 

0.15 

40.8 

0.12 

56.7 

0.12 

63.2 

0.14 

Thus,  in  this  case  we  have  a  long  period  of  63.2  see.*  all  the 
other  periods,  ranging  from  4.3  sec.  up  to  55,7  sec.,  being  also 
found  at  some  or  other  of  the  stations  considered  in  the  preced- 
ing §§. 

130.  Periods  of  Vibratioih  at  tlie  differeiU  Places.  From 
the  fbregoing  §|  it  will  be  seen  that  many  periods  of  vibration 
were  oommon  to  several  of  the  stations.    To  compare  generally 

the  periods  occuiTing  at  different  places,  I  give,  in  the  four  tables, 
XXXI  to  XXXIV,  the  period  ('/')  and  tlie  corresponding  range  (2a) 
in  the  different  phases  of  the  earthquake  motion  observed  at  10 
stations,  as  follows : — 

Table  XXXI  . .  .  .Tokyo. 

XXXH  ....  Omkii,  Koho,  Tjulot.su. 
„     XXXm. . .  .Birmingham,  Quarto-Castello. 
„     XXXTV  ....  Potsdam,  Leipzi^^  Gottaogeu,  Upsaia. 

Besides  these,  Tables  XXIT  and  XXX,  already  given,  contain 
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tlie  elements  of  motion  in  (nicstion,  i-espectively  for  Tailioku, 
Taichu,  and  Tainan,  and  for  Chelteniunn,  Washington,  and  Tacu- 
baya.    The  obBervation  of  the  periods  at  the  above  named  16 
plaM  are  more  complete  than  that  at  the  others. 
(*  pendnhun  motion.) 


TABLE  XXXI.   Periods  of  Vibration  and  Max.  2a,  Tokyo. 


X.  JUUnG  III 

motioQ 

1 

t « 
§  u. 

^  EW 
XiOBHJOWtiff'. 

EW 
KnnwBwter. 
Ceiitr.V.O. 

Heaa. 

1 

[ 

T  2a 

T  2a 

T  2a 

T  2a 

T  2a 

i 

;    T  2a 

nee.  mm 

AM  0.20 

1 

Mc.  mm 

4.4  0.25 

•ar.  mm 

4.4  0.17 

»•«".  mm 

r>.2  0.14 

«ec,  mm. 

4.2  — 

1      -fi-.  tiiiii 
1    4..")  ().t>.-> 

l8t  Vrf^- 

8.0  0.30 

8.0  0.33 

7.4  0.22 

7.3  0.31 

j  7.8 

linnii.'irv 

— 

— 

— 

1").8  0.22 

— . 

ir>.8  o.-i'i 

Ti"emox*. 

— 

— 

20.0  0.43 

20.0  0.4:$ 

24.7  0  57 

24u7  067 

29.8  0.43 

29.8  0.43 

4.8  0.21 

4.8  0.21 

9.0  BbmII 

8.8  0.61 

9.1  1.06 

9.0  1.06 

11.8  1.05 

• 

11.8  1.05 

23.1  2.3;} 

23.1  2.33 

Sua  Pre- 
limiuBiy 
Tremor. 

20.5  0.97 
37.1  4.50 

33.5  1.63 
40.4  ?,.r>^ 

26.5  0.97 
33.5  1.63 
37.1  4.50 
40.4  3..53 

45.3  3.95 

46.3  3.95 

49.7  6.80 

49.7  5.80 

54.0 

56.2  — 

64.6  — 

86.0  3.27 

86.0  2.27 
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TABLE  XXXL  Cont, 


Phase  of 
motion 

§14. 

1  BW 
690. 

EW 

XWMIWllWWr, 

OBiitr.lC.a 

»  8> 

YcnioiiL 

Heta. 

T  2a 

7  2a 

2*  2a 

T  2a 

2a 

MIC     til  in. 

9.3  0.40 

•©IT*  mm 

8.1  0.23 

^CC.  lull) 

sttSC.       HI  III 

i   8.7  0.40 

11  ti  ft  'jy 

11.3 

0.33 

letand  2u{] 

Prinoipal 
Fartiou. 

ID.O  U.OO 

QQ  fl  /I  MA 
O.DO 

38.5  0.58 

36.8  0.20 

— 

ZS.o  U.lo 

i(;.H 

22.3 
28.8 
37.7 

0.53 
0.13 
6.24 
0.58 

— 

— 

42.5  — 

42.5 

47.8  6.65 

45.2  0.07 

46.5 

6.65 

530  10.8 

53.0  OJlfi 

53.0  10.80 

59  0  1.30 

59.0 

1.30 

. 

■ 

10.4 

3.67 

14. 1  n  on 

15.5 

2.40 

i'lillC.  ! 

20.5  — 

21.0  ♦ 

23.8  ~ 

23.0  — 

22.1 

Portion. 

1  : 

348 

34.8 

Lalge 

42.5  2.70 

42.5 

2.70 

8.2  0.24 

8.2 

0.24 

4tiiek. 

11.3  0.80 

11.1  2.20 

10.8  1.40 

11.6  — 

U.2 

2.20 

Pfaaaes^ 

13.2  0.72 

12.1  1.67 

12.8  0.30 

12.7 

1.67 

Fkinc. 

15.2  0.78 

15,7  — 

15.5 

0.78 

Portion ; 

19.5  1.30 

19.5 

1.30 

End  IHirtiaa. 

22.«  0.58 

22.6 

0.58 

26.2  ~ 

26.2 
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TABLE  XXXII.  Periods  and  Max.2a.   ihakOf  Kdbe,  SHaOoUu, 


Phase  (A.  | 
moUou. 

Osaka 

(EW) 

Kobe 

(NS) 

Tadotsn  { 

(EW) 

lift  FraliminAiy 
TxemoET. 

T  2a 

i>«c.  nun 

7.8  SmaU 
23.8  1.05 

T  2a 

nee  mm 

11.5  — 

T  2a 

-ei:,  mm 

4  7   

10.4  — 

24.4  *  0.20 

T  %a 

4  fT  0  5S 

7.8  — 
11.0  — 

24.0  l.fl5 

2ud  PreHmiuary  , 
Tremor. 

20.2  1.58 

25.5  1.G9 

130.0  — 
132.5  2.53 

30.0*  3.0 

14.8  — 

31.5  0.86 
36.5  0.14 

14.8  — 

20  2    1  .58 

25.5  1.C9 

30.9  3.00 
36.5  0.14 

Ibt  ttud  2ud  rii., 
Priiio.  ruiiiuu. 

21.7  1.68 
28.3*  4.5 

11.3  — 

24.2  2.25 
26.8*  11.7 

34.0  0.48 
40.3  4.8 
65.8  2.0 

19.0  — 
39.4  1.4 

20.4  — 
2a3  4.60 
34.0  0.48 
39.9  4.80 
66.8  2.00 

3rd  riiHse, 
Pnuc.  Portion. 

18.5  2.00 

28.3  8.20 
32.0  2.70 

^^^^^ 

28.0*LaiEge. 

11.3  — 
I  18.5  2.00 
24.2  2.25 
27.7  11.70 
32.0  2.70 

4th,  etc.  Phftse-s, 

Piiuc.  I\)itiou ; 
End  l*ortiou. 

1U.5  0.14 
14.3  0.U3 
18.5  0.(58 
22.0  1.73 

10.7  0.19 
13.1  — 

17.8  0.45 
23.5  1.10 

10.2  0.53 
13.G  0.27 
10.7  U.72 

10.5  0.53 
13.7  0.G3 

18.7  0.72 

22.8  1.73 
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TABLE  XXXIU.   Periods  of  Vibratiou  and  Max.  2a, 
Birmingham  and  Qmnto-CtttMo, 


II 

1 

Phaae  qI  inotiou. 

BU'uiiuglmiu. 
(BW) 

Quarto-CiuiteUo. 
(EWandNS)  : 

in. 

1 

8a 

T 

2a 

T 

2a 

4.3 

tnw 

0.04 

Me. 

4.5 

0.04"'" 

Ififc  Preliminary 

i\A 

0.02 

6.8 

0.02 

■                   ■  ■ 
t 

9.1 

0.07 

9.1 

0.07 

12.0 

0.035 

4.6 

1 

4.6 

0.04 

4.7 

0.04 

2ud  i'rt'li  iuhia.1  V  ! 

'  9.7 

■ 

0.028 
0.083 

8.6 

11.1 

0.20 
0.25 

9.2 

11.1 

15.5 

0l26 
0.26 

aoea 

54.5 

0.61 

54.6 

0.61 

• 

4.9 

4.9 

7.5 

75 

Isk  and  SudPluiaeM, 
FHocipal  Poctkni. 

9.9 

0.07 

U.l(i 

ai 

o.ao  \ 

0.44 

9.5 

18.8 
29.8 

0.30 
0.16 
0.44 

86.6 

3C.6 

0.24 

50.0 

0.22 

60.0 

0.22 

!  — 

6.9 

0.034 

6.9 

0.034 

Principal  Portdou. 

17.9 

1 

1.66 

lOlO 
16bO 

26.6 

0.44 
0.63 
0.72 

10.0 
16.5 
26.6 

0.44 
1.66 
0.72 

1  31.4 

2.03 

1 

31.4 

2.03 
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Phase  of  moiiou. 

iiirniingliam. 
(KW) 

1 

i^uai'to-Catitello. 
(EW  and  IHH) 

4.9 

1     ^-^  - 

4tli,  etc.  I'lmaOT, 
Priiicipiil  Purtton ; 
Ktid  Borliioii. 

KKl  0.04 
12.:i  o.oo 
n."  0.25 
1G.7  — 

J).l  o.:j8 
It?.  I  o.4<; 
14.5  0.57 
ia.7  0.22 
18.8  *  0.46 

0.()0 
u.5  0.57 
,     16.7  0.22 

1     las*  0.48 

1 

TABLE  XXXIV.    Periods  of  Vibmtion  and  Max.  2a. 

I*otsdaiti,  lucipxif/,  GotiiitgeHf  UjMtaln, 


rimse  of 

1 

lootioii. 

Potedom. 

lieipzig. 

Goitiiigeii. 

UpsaU. 

1 

T  2a 

T 

T 

T 

T 

1st  ri-eliminaiy 

Me.  mm 

5A  0.12 

stc 

4.3 

MC. 

4.4 

4A 

M88« 

4.6 

Tromoi'. 

7.0 

8.8 

8.5 

8.4 

10.7 

11.7 

11.2 

_ 

17.8* 

17.3* 

4.6  0.24 

4.5 

5.5 

J.9 

9.6 

10.2 

1  7.9 

1  10.1 

9.7 

13.6 

13.4 

18.8 

13.4 

Sod  P^tniiuuy 

16.2 

14.5 

15.4 

Tremor. 

21.8  0.37 

21.3 

36.9  0.34 

26.9 

38.0 

3ao 

47.5 

47.5 
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Fbiuie  of 
motion. 

Fotodam. 

1 

Leipssig. 

(iotttngen. 

1    T  2a 

T 

T 

T 

T 

<iec  mm 

4.0   

iM. 

Mr. 

MC 

4.0 

7.7  0.33 

9.8 

— 

8.4 

&6 



— 

— 

15.9 

15.9 

Ijai  and  2nd  Flu, 

30.5  0.33 

30.6 

— 

30.3 

Friiie.  Fortfem. 



86.8 

36.0 

— 

36.4 

43.3  0.47 

— 

— 

— 

43.3 

49.2 

48.3 

48.8 

55.2  1.55 

55,2 

9.0 

9.4 

9.3 

1  9.2 

12.0 

11.0 

13.4  ' 

12.1 

Si-d,  «tc.  Pk, 

16.2*  2.50 

15.0* 

15.(5* 

Frinc  Portion. 

19.6  1.00 

20.9 

20.3 

24J  ™ 

24.3 

24.2 

29.5  1.28 

1 

29.5 

9.2 

9.7 

End 
PcfrljoiL 

22.4 

17.6» 

11.9 
14.3 
2t9 

11.9 

ll7.(5» 
22.2 

-  1 

26.6 

26.6 

A  glance  cm  Tables  XXIV,  XXX,  XXXI,  XXXU,  XXXUI,  and 
XXXrv,  win  show  that  several  periods  existed  simultaneously  at 

the  different  stations.  To  show  tliis  relation  moi-o  clearly,  I  have 
coUoctod  in  the  foUowiug  tahle  the  mean  values  of  the  diffi^renfc 
periods  and  the  corresponding  max.  sia's  occurring  in  the  sncces- 
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sivo  plmsoR  of  tlio  onitliquake  motion  for  the  10  stations  con- 
siclereil  liefore ;  similar  periods  being  placed  on  the  same  hori- 
aontal  rows.f 

TABLE  XXXV.  Kangra  Earthquake.  Periods  of  Viliration 
and  Max.  2a  at  the  difl^ent  Stations.   [GENERAL  SUMMARY.] 


(*. .  .  .Pendulum  OscillatiouH.) 


nwM 

1  flnAft; 

Kobe; 
1  Tndobm. 

IWIMHEa  J 

ninn'olittm!  Potnlnm : 

Mean 
Periods. 

of 

motkm. 

TokTO. 

Tftichu ; 

TCUDAQ. 

 «.  ' 

Qiiorfo- 

CMtella 

Leipzig; 
QottiDgen ; 

Waah'gton; 

T  ia 

^fc.  mm 
4.5  0.25 

7.8  0J3 

r  2rt 

4.6  0.53 
7.8  — 
ILO  — 

t««.  mm 
4.3  0.17 

5.8  — 

T  'la 
■<™-  mm 
4.5  0.04 

f  6.8  0.02 
(  0.1  Quo? 

ia.0  004 

t 

4.6 
8.4 
11.2 

T  '2a 
»ec.  tnn> 
4.3   

7.0  — 

T 

4.5 

{  li 

11.4 

14JS 

J  900 
1  17,3» 
94.4 

aoa 

40.7 

iRt 

ift.8  aiB 

90y0  D.iS 
».8  0.» 

1>L8  OJOB 

IHJO  ft05 

Pmliminary 
Tremor. 

Mil* 

34j0  IXA 

  i 

803  — 
4Sa  0.15 

4,8  0.21 
9,0  l.Ofi 
11^  1.05 

4.7  0.33 

4.7  0.04 

9.2  i).26 
11.1  0.25 
15.5  0.0« 



4.9 

9.7 
13.4 
15.4 
21.3 
26.d 

2ocl 
Preliminiiry 

8.4  — 
113  — 
14.4  0.05 
21.4  — 
24.6  0.06 
99.4  OM 
Saji  0^10 

4J 

9.1 
/  11.4 

\  13.4 

15.0 

t  23  .1 

25.9 
809 
8Sj9 

37.2 
413 

49.7 

516 
86.0 

14.8  — 

20.2  i.5e 
25.5  1.69 
90j»  SiN) 

11.2  a.ao 

2a.  1.  2.a3 
26.5  oan 

21.0  0,10 

33.S  1j8S 
97.1  iJBO 

45.3  S.9& 

49.7  5.80 

86.0  2sn 

Tremor. 

a&o 

40.8  0 JO 
4&0  Oj07 

47.5 

t  The  9s  ia  IMde  ZXZV  fai  ih*  gnatMt  ttlbut,  wmang  Am  diCenot  itatkni,  of  llw  vrage 
fif  motkm  fi>  XV  ot  KB  MnipotMii^  oonwpopdiiig  to  ft  glTsn  fvkA. 
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TABLE  XXXV.  Cmit, 


Thtm 

'  Osnka; 

Taihokn ; 

Birm'gbam/  Potsclnm  ;  ^nieiniam  ; 

«t 

Tokyo. 

Kobe; 

Tuoba; 
TaiDan. 

OutflUo. 

ITpeaJa. 

Wiisli'gtoQ ; 
Tiicnbaya. 

Mean 
Pertodi. 

1  in 

/  2a 

7'  2a 

T 

T  2a 

T 

Mc.  mm 

Mc«  mm 

MC  xaiD 
4,5  098 

MO.  mm 
49  — 

mo.  mm 

M  m 

4.5 

8.7  0.40 

11.3  0.33 

OBO 

10.0  2.00 

7A  — 
95  0A> 

0& 

7.9 
10.8 

' '  ■  ■■ 

16.8  0.53 

16J  — 

15.9 

14.7  - 

158 

i 

]*t  and  Sod 

0.13 

20.4  — 

18.8  0  16 

24.7  0.12 
29.9  0.24 

ios  n  ifi 

WAS  ULHI 

! 

20.5 

34.7 

29.5 
36.4 
4t.O 

Phases, 
Prineipnl 
FcntioD. 

28.8  6.21 
37.7  0£B 
m  — 

-2a3  4.50 
34.0  048 
30.9  4.80 

30.0  3.1U 
— 

4UI  0:8a 

2y.H  o.-u 
3G.6  0.24 

30.3 
304 

46J(  HjOS 

4318 

46.9  0.19 

454) 

_ 



SOjO  099 

48JB 

408  049 

48.2 

53.0  10.80 

55.8  2.00 

84w8 

58j0  IJO 

S9.0 
608 

— - 



694  0.14 

— 



5.4  0.3;J 

M  1S.80 

U.»  0.03 
IOjD  0.44 

6.2 

f  10.2 

12.1 

10.4  8.07 

— 

r  9.2 

1  19.1 

ISJi  HO 
22,1  — 

14.6  IIJO 

105  IM 

15j8* 

94JI 
994 

18 J  — 
94j0  012 

15.5 

18.5 

21.4 
81.0 

Prineipnl 

(S4.2 

low  14  fn 
{3fi.7  11.711 

38j0  S.70 

98.6  0.7S 
3L4  8.30 



— ^ 

1 

• 

34.8  Large 

314 

42.5  2.70 

494 

5.U  0.17 

4.9  — 

5.4 

8.8 

105  0JS8 

8.4  1.90 

9.6  0.38 

9.7 

9.3 

4th,  elo.  nt, 
FtindpU 

lU  SJ» 
1S7  ]jB7 

lOA  OAI 
19.7*080 

114 

11.t 

18.5 

19.9  040 

15.»  0.78 

m  049 

\UA  0JB7 
1107  099 

144 

154  021 

1  14.7 

I  16.7 

End  Etetlou. 

19.5  i.r«) 

18.7  0.72 

1KB  048 

17.8* 

18.7 

22.6  0^8 

22.8  173 

98.3  ' 

22.2 

21.6  0.05 

26.2  — 

964 

96.4 
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F.  Omori: 


The  values  of  the  diflRBrent  periods  occurring  in  the  Kangra 
earthquake  (Table  XXXV),  obtained  by  taking  the  overages  from 

the  various  phases  of  the  earthquake  motion  are  indicated  in 
Table  XXXVI.  For  tlie  sake  of  comparison,  I  liave  uiso  i^iveu  in 
the  same  table  the  periods  Avliicti  were  found  for  the  following 
three  sets  of  great  teleseismic  disturbances : — 

( i )  Tokyo  Horisontal  Components  Observation  of  the  Gara* 
cas  earthquake  of  Oct.  29,  1900,  and  the  Guatemala 
earthquake  of  A}>ril  19,  1902. 

(ii)  Tokyo,  Osaka,  and  Manila  Observations  of  the  Valpa- 
raiso earthquake  of  Aug.  17,  1906.  Horizontal  and 
Vertical  Components. 

(iii)  EW  Component  Observations  in  Tokyo  of  the  10 
eartluiuukcs,  namely,  3  Alaska  oqkes  of  Sept.  4  and  10, 
1890,  and  Oct.  9,  1900;  2  Mexico  eqkos  of  Jan.  20, 
1900,  and  Sept.  22,  1902 ;  Guatemala  oqke  of  April  19, 
1902 ;  Caracas  eqke  of  Oct.  29,  1900 ;  Aidin  eqke  of 
Sept.  20,  1899;  Kashgm*  eqke  of  Aug.  22,  1902;  and 
Sumatm  eqke  of  Jan.  5,  lOflO. 

These  10  earthquakes,  togetlier  with  the  Guam 
Island  eqke  of  Sept.  22,  1902,  compose  the  11  dis- 
turbances refeiTed  to  in  §  8.  The  two  earthquakes  of 
Group  (i)  are  included  in  Group  (iii). 
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TABLE  XXXVI.   J'oriocls  of  Vibratiou  in  Kangra,  Valparaiso, 

and  other  Earthquakes. 


* 

1 

1 

1  U 

Ul 

1 

Mean  Values  of 

  -  — 

Gontinwlik 
EMthqmlHS 

(T«kyivBioiii&) 

>  lUjianuHO 
BntdlqlMk* 
(TofcjOb  Onka, 

(EWOompanMit). 

(16  Sdilioiu}. 

Periods,  doduued 
from 
(ii),  (iii),  (iv). 

MM, 

1.6 

*  WK, 

MS 

2.9 

4,0 

41 

^  II. 

4.7 

4.8.. 

....Pa 

7.9 

8.4 

8.9 

8.6 

8.6 

P. 

ia2 

11.4 

It  o 

■  i»  ^ 
J^i 

148 

15.1 

14.6 

161 

14.9 

P. 

18.4 

18.3 

"~ 

18.3 

Pi 

20.0 

20.7 

20.4 

P» 

21.2 

22.n 

22.6 

Pf^e 

2ti.8 

24.« 

26.6 

26.7 

Po 

— 

28.7 

28.3 

2.68 

Pi 

301 

Pt.. 

32.9 

32.4 

32.4 

P. 

37.1 

34.4 

86.4 

86.9 

P. 

39.5 

42.9 

411 

49.0 

Pi. 

46.4 

46.0 

46.7 

45.4 

Pu 

49.4 

49.4 

P,i 

66.0 

64.0 

64.8 

M.4 

P. 

69.0 

69.0 

Pi. 

67.4 

66.0 

63.0 

66.5 

« 

Pi5 
■ 
• 

86.U 

86.0 

Ptf 

(*TIm  qniek  vllmtloiii  vbkli 

DonmiBd  in  mBM 

c£  tli0  fHagnifii* 

of  Om  XHk9 

aw  noM  ia  a  mlMBqiMiit^.) 
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F.  OoMti: 


From  Table  XXXVI,  it  will  be  seen  that  many  periods  of 

vibmtion  arc  ciniimoii  to  the  foiii'  ^rrcnips  (  i  )  to  (iv).  Esp^'inlly 
the  jx'i'iods  in  the  Caracas  and  Guatemala  earthquukos  obser\-ed 
in  Tokyo  were  very  nearly  alike  to  those  in  the  Valparaiso  earth- 
quake observed  in  Tokyo,  Osaka,  and  Manila ;  wliile  the  periods 
occurring  in  the  Kangra  earthquake  were  similar  to  those  found 
in  the  cases  of  the  10  earthquakes  of  group  (iii).  Wo  are,  there- 
fore, justUied  in  deducing  the  average  values  of  tlie  various  ixjriods 
from  observations  of  the  different  earthquakes.  The  results  thus 
obtained  from  (ii),  (iii),  and  (iv),*  are  denoted  in  the  table  by  the 

symbols  P„  P,  P,r   Of  these,  the  periods  (P,  to 

and  P„  correspond  respectively  to  the  successive  ixjriods  represented 
by  the  same  lotti'is  in  §  8.  The  periods  Pu,  Pi«,  Pu,  and  Pw  form 
additions  to  the  series  before  obtained. 

As  stated  in  my  previous  pap6rs,t  wo  have  the  following 
approximate  relations: — 

p   ^  £[3  Pi   P M)  _  P n 

»~2""3~4" 10"" n  * 
where  n  denutes  an  integer,  whose  maximum  hmit  is  provisionally 
10.  According  to  the  above  assumption,  P,  is  to  be  r^itled  as 
the  fundamental  or  unit  period  of  the  micro-sdsmio  movements, 
the  difibrent  longer  periods  being  its  multiples.  The  most  probable 
value  of  Pi  may  be  found  as  follows : — 

J     '  1 

P„^86  sec.  being,  for  the  present  calculation,  left  out  of  account, 
as  it?  depends  on  a  single  observation.  (Com^jai'c  the  PubiUcaiknst 
No.  21.  p.p.  83-84.) 

*  ( i )  h  iochulod  in  (iii). 
tTbe  i'ltUicafioiw.  No.  21. 
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The  conclusion  to  Ix;  drawn,  with  ies[K,'ct  to  the  vibmtiun 
periods,  firom  what  has  been  suid  above  is  as  follows : — The 
teleseismic  motion  is  essentially  (he  same  in  character 
at  different  places  all  over  the  world,  and  consiBtB  of  a 
set  of  vibrations,  whose  periods  are  approximately 
equal  to  Pj,  P,,  l\   These  latter  may  be  con- 

sidered as  the  seismic  constants,  not  of  a  particular 
district,  but  of  the  whole  earth's  crast.  Short  period  vibra" 
iions,  which  constitute  the  macro-seismic  or  sensible  earUiqiiake 
motion,  are  of  short  wave  length  and  macli  depend  on  the  natore 
of  the  ;j:i'ouiu1  uf  the  observing  place. 

The  discussions  in  tliese  §§  ai'e  to  be  regarded  only  as 

provisionaiy ;  the  division  of  the  periods  of  vibration  into  the 
different  giwips,  P,,  P,,  P^,  being  sometimes  more  or  less 

arbitrary.  Besides  the  IG  Tiioaii  perioils  considered  above  there 
are  two  frequently  occurring  iiitermediute  ones,  rt  s|)ectively  equal 
to  ll.a  and  22.6  sec.,  and  denoted  in  Table  XXXVI  by  and 
P^,  The  lengths  of  these  two  periods  are  in  the  mtio  of  1:2. 
In  the  Kangra  earthquake  there  was  also  a  ^  third  intermediate 
period  of  P-i^  —  o'd.i  sec. 

181.  Period9  of  MiertHsetanUe  VibrtUioita  in  the  different 

Phttses.  According  to  Table  XXXV,  the  ]jLii<)ds  of  tlu;  micro- 
seismic  vibrations  occuiriiig  in  the  successive  phases  of  Uie  Kangi-a 
eai'thquake  were  as  follows,  those  more  frequently  occurring 
being,  as  usual,  printed  in  fat  characters : — 
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F.  Omoii : 


TABLE  XXXVU.  Kai)gr<i  Earthquake.  Periods  of  Vibration 
ooeurring  in  the  Successive  Phases  of  the  Earthquake  >fotion. 


let 

Prelimiuaiy 
Tremor. 

t2u<1 
Px"eliiniuary 
Treuor. 

l8t  uuil  2iid 

J.  11.,    XI  lUC'. 

I'ui-tiou. 

3Kd  PW, 

Principal 
Tortiou. 

4thaiid  -ytii  Ph., 
Priiic.  Portiou; 
Eud  Portiou 

\ 

i 

Pt 

Pi 

P. 

-*  t 

P* 

p« 

P*. 

P« 

p* 

Ps 

P» 

_ 

■ 

Pi 

n 

P. 

-        1  Pm 

P. 

P. 

P. 

P7 

P 

^7. 

P» 

P. 

P.. 

* 
• 

P.. 
Pu 

p« 
Pll 

(i)  According  to  the  above  table,  the  longest  period  P^  oc- 
ourrcd  in  the  2nd  preliminary  tremor,  while  the  two  next  longest 

ones,  and  F„,  occui  iod  only  in  the  1st  and  2nd  phases  of  the 
piincipal  portion.   Again  tlic  three  next  longest  periods,  Pa*  Pjt> 


Digitized  by  Go 


lodlikn  EttiflMiiiiilw  of  IW5.  n. 


216 


and  oociiired  only  in  the  tliree  above-named  sections.  On 
the  whole  the  periods  characterizing  the  2nd  prelimbiaiy  tremor 
seem  to  be  identical  with  those  characterizing  the  Ist  and  2nd 

j>liascs  of  tho  j:»rincipal  portion,  with  the  diffei-ence  that  smular 
periods  did  not  liave  the  same  amplitudes  in  these  diffbi-ont  sec- 
tions of  motion,  as  follows : — 

( i )  In  the  2nd  preliminary  tremor,  the  periods  of  the  pre- 
dominating larger  vibrations  were     to  Pi,; 

(ii)  In  the  1st  and  2nd  phases  of  the  principal  portion,  the 
vibmtions  of  the  i)t)rioils  I\  to  Z^,  wore  small,  those  of 
the  periods  Pj  tn  P^,  boin^  much  laiger  than  the  r^t. 
The  vibrations  of  Ft  and  F,,^  wm  here  much  smaller 
than  in  the  preceding  section. 

(«)   With  respect  to  the  1st  preliminary  tremor  and  the  3rd 
phase  of  the  principal  portion,  we  see  that  the  perio^ls  occuniiig 
in  these  two  sections  are  nearly  alike;  the  longest  period  being 
in  each  case.   The  principal  differences  between  the  two  sec- 
tions in  qnestion  were  as  follows: — 

( i )  All  the  vibrations,  with  the  exception  of  that  of  the 
periofl  Pp  are  much  «rreater  in  the  3rd  phase  of  the 
principal  portion  tlian  in  the  Ist  preliminary  tremor. 

(ii)  The  predominating  vibrations  in  the  1st  preliminary 
tremor  are  those  of  the  periods  P,  to  P,. 

(iii)  The  most  active  vibrations  in  the  3rd  phase  of  the 
princi[)al  i)ortion  are  those  of  the  ixriods  P„  to  P,. 

(Hi)  In  the  4th  and  5th  phases  of  the  jn  incipal  portion  and 
in  the  tail,  or  end  portion,  the  predominating  periods  were  P^ 
to  P^. 

The  periods  occurring  throughout  the  successive  phases  of 
the  earthquake  motion  were  P,  to  P,. 


F.  OjDoii: 


132.  liange  of  3fotion  {2fi)  correaponding  to  the  different 
jPerioda,  JP's.  The  foUowing  table,  giving  the  mnges  of  motion, 
2a%  oonresponding  to  the  diflbrent  periods  P's,  has  been  fonned 
from  the  data  contained  in  Table  XXXV,  and  relates  to  the  12 

places  of  Tokyo,  Osaka,  Kobe,  Tadotsu,  Taihokii,  Taichu,  Tainan, 
Birmingham,  Quarto- Castello,  Cheltenhamj  Washington,  and  Tacu- 
baya. 

In  Table  XXXVin  the  **mean  2a"  is  the  average  value  of 

tlic  max.  in  one  or  the  other  of  the  two  horizontal  com- 

ponents at  the  different  stations,  con-esponding  to  a  given  period ; 
the  "  greatest  2a  **  being  the  absolutely  lazgeat  among  these  max. 
2a*8.  The  max.  2a'8  evidently  due  to  the  proper  pendnlum  oscil- 
lation, which  are  marked  each  with  an  <uteri8k(*),  have  been 
excluded  in  tlie  deduction  of  the  menu  :^a's. 


TABLE  XXXVm.    Kangiti  Earthquake. 
2a  corresponding  to  the  diflbrent  JPs. 


Greatest  So. 

Ifoan  2a 

Pi 

mm 

0.53 

0-2»" 

1.20 

0.47 

12.90»  (next  gieatest,  3.67) 

1.28 

P. 

1L90»(    „      „  .2.40) 

0.60 

P. 

2.00 

0.8i 

P. 

1.68 

0.85 

Pm 

2.83 

0.96 

p. 

2.26 

0.84 

Pf 

11.70*  (next  graatest;  6.24) 

4.48 

Pw 

aio 

1.22 
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Period. 

1 

Greatest  2a. 

Mean  2a. 

2.70 

mm 

1.68 

P. 

4.50 

1.01 

P» 

4.80 

1.66 

Pn 

6.65 

2.70 

Pn 

5.80 

2.04 

P» 

10.80*  (next  gnatest*  2.00) 

1.06 

Pu 

1.30 

1.30 

Pv. 

• 

0.14 

0.14 

* 

2,27 

2.27 

Yrom  Table  XXXVIII  it  will  be  seen  that  the  mean  2a*B  cones- 

ponding  to  the  4  pt'iiods,  P,,  P„  and  P^,  are  roughly  in  the 
ratios  of  1  :  '2  :  r5  :  I,  showing  an  increase  of  tho  amplitude  with 
the  period.  Tho  2«  s  for  P*.  P*,  P^g,  and  P„  wen'  nearly  constant, 
varying  only  between  0.84  and  0.96  mm.  The  amplitude  seems 
to  reach  its  greatest  value  approximately  for  Pu,  as  is  graphically 
illnstrated  in  Fig.  19.  The  curve,  drawn  with  free  hand  through 
the  mean  positions  l)et\veen  tho  (lifli  icat  dots  (•),  passes  through 
the  origin  of  eo-ordinates,  wliich  agrees  witli  tlie  fact  that  <iuick 
vibrations  of  macroseismic  nature  are  very  slight  in  the  teleseis* 
mic  motion.  Tlie  relation  between  the  different  periods,  P^,  P„  . . 
..,  and  the  corresponding  greatest  2a%  illustrated  in  Fig.  18, 
presents  the  same  general  character  as  in  the  case  considered 
above. 

Thi^  results  thus  Sav  arrived  at  respecting:  tlio  deiiendeuce  of 
the  amplitude  on  the  period  may  be  summarissed  as  follows: — 
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In  the  telescismic  niotiDii,  tlie  2«  incroust's  witli  the 
period,  from  iioarly  zero  to  a  maximum  (absolute  maxi- 
mum  in  a  single  horizontal  component:=6.05  mm)  for  tho 
period  P„=r45.4  aec. 

133.  Tlic  Oi'flrt'  of  OtTttm'iU'c  of  the  *li/fen'ut  Periods 
in  the  Pt'iiicijml  l*oHion  of  the  Eiivtluiuake  Motion,  The 
hodssontal  pendulum  observation  of  eartliquakes,  made  in  Tokyo 
between  1898  and  1004,  has  shown  tfaat,  in  the  teleseitsmio  motion 
dne  to  a  great  source  of  disturbance,  the  different  periods  of  vib' 
liUioji  in  the  pvincipa!  portion  u'eiiemlly  tend  to  occur  in  a  des- 
cending order,  iliaL  is  to  say,  the  vil)i*ations  at  the  coninienc«'nient 
of  the  1st  phase  (3rd  section)  has  the  longest  period,  those  in 
the  subsequent  phases  having  periods  of  successively  decreasing 
length.*^  The  observation  of  the  Kangra  earthquake  at  the  different 
stations  also  indicates  the  same  fact,  as  is  shown  in  the  3rd 
cohinin  of  Table  XXXIX,  in  which  the  periods  iu  tij<'  l.st  to  .~»th 
phases  of  tlio  ])rin(  i}tHl  portion  (3rd  to  7th  sections)  s^n*  given  in 
terms  of  the  P's  in  the  order  of  their  oocnnenoe.  This  peculiar 
characteristic  of  the  earthquake  motion  is  to  be  most  clearly 
ascertained  with  seismogra^Ois  whoso  "  steady  mass  Ims  a  long 
osoilkition  period. 


•  See  Uw  PKUico/ioiw.  No.  %U  P-p.  81 
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Indian  Faithqnake  cf  1905. 
BdaticD  beliroeii  ftiis  Feriocl  and  Amplitodo. 


Fig.  18.  SaBAbiMiotely  gNAtMt  max.  motion. 

Fig.  19.  iamwuma  Tkhie  cC  mmx.  te'a. 
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TABLE  XXXIX.  Kanj^m  P^irtlKiiuikc  TIm'  t)nl»M-  of  Ocvur- 
iviico  of  ihv  iliffV'rciit  I'ctuhIs  in  the  2ml  J*reliiiiiiiary  Tremor  and 
in  the  Principal  Portion  of  the  Bai'thquake  Motion.'* 


Statii>u. 


,1 


l^ncl  Prelhninarjr     '     Iftt  to  5tk  Pluwett,  Priueiual 
Treinor.  |  Partiou. 


Tokyo  (EVV) 

„  (  NS  1 

V,  (Vertiisal) 

Osaka  (£\V) 


J*..    J2<  fi^u 


t 


J-M  ,  2i_^^  ^  a  :  ,  X'm  J\t 


J*«,s  J*«  Jt, 


7,H 


.3 


Jl  J*«  J*;  -P.  -T* » 


Cb«lt0aliMn{EW) 

(NS) 

i3M»viNiy»  (EW) 


-''••^ 


■2*1*  -Pii  -Pj 


diOeniit  period*  oecnniDR  nmilltiuieoaily  ia  on*  and  tiM  moii*  «podi  nm  IncUefttod 
»  biKcket, 
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StAtbu. 

2bd  I'reliminnry 

1st  tt»  r»tli  riiascs,  i'iuu  i[«il 
Tortioiu 

Tiiculiaya  (NS)  (  

I 

FMRdMn  (JEW)  i  

9 

\ 
i 

Gutiingeu  (N8)  ^  

P„  P,«       Ptf  P,  P, 

P             *  P 

Pa  P»  PV..  jij^  jp] 

Thus  it  will  bo  soon  that  in  tho  majority  of  cases*  the  series 
begun  with  slow  vibrations  of  periods,  Pj,  to  P^,  thenoe  becoming 
sucoessiTely  quicker  towards  the  end  of  the  principal  portion. 
BspeciaUy,  at  Tokyo  (EVV,  N8,  and  Vertical),  Tadotsu  (EW), 

Tailu.ku  (KW).  Cholttniliam  (EW  and  \S),  Tuciihaya  (E\V  and 
NS),  and  Gottingen  (XS),  the  succession  of  the  different  periods 
was  in  a  perfect  decreasing  order. 

It  is  here  to  be  noted  that  what  was  said  above  respecting 
the  order  of  occurrence  relates  only  to  tho  predominating  vibrations 
in  the  principal  portion,  somooftlie  small  vibrations  with  shorter 
ix'iiods  occurring  more  or  less  iji  the  diffei-ent  sections  of  the 
earthquake  motion. 

1S4*  Period*  Occurring  in  the  2na  Jh^ltmlnartf  Tretnor, 

Tlie  vibrations  in  tho  2n(l  preliminary  tvonmr  tlo  not  generally 
indicate  a  definite  order  of  occurrence  according  b>  tiio  lengths  of 
their  periods.  Tiiei'e  seems*  however,  to  exist  a  tendency  for  an 
increasing  order  of  periods,  as  shown,  for  a  few  places,  in  the 
2nd  colamn  of  Table  XXXIX. 
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Chapter  IX.  Corthauoke  motion  propagated  along 

the  major  arc  and  the  repetition  ot  the  motion 
propoqated  otong  the  minor  arc.  General 
remarks  on  the  propagation  velocity. 

Wt  AIOTKJN,  on  THK  EAKTllQrAKE  iliOPAGATED 
ALONG  THE  MAJOK  AHC. 

13&  Ohaewaiiou  at  Caieutia  and  Bombay.    I^et  us  first 

ooiisiikr  tlic  .Milno  liorizonhil  ])on(lnlnTii  (tltsiTvatioii  of  the  wave, 
or  tlK^  eiirtli<iu>ike  motiuii  propaj^ate<l  ulong  tlie  major  arc,  at  the 
two  ladiau  stations  of  Alipore  (Calcutta)  and  Colaba  (Bombay), 
whose  distances  from  the  epicentre  of  the  Kangra  earthquake 
were  only  13^42'  and  13  ' 32'  respectively. 

(/  )  Miporc  (Calcutta).  The  preliminary  tienior  lasted  3'"24\ 
tlie  motion  heiri*?  iarj^est  for  tlie  first  29'"  of  the  prineitKil  portion. 

b^Hu  at  :V'  57"'  'M)\  or  3" 30'  after  the  commencement 
of  the  earthquake  disturbance  thei-e,  the  1st  maximum  group 
lasting  for  about  20": — 2a=1.6mm  (actual  reading).  The  princl* 
pal  maximum  ;^oiip  ooeuiTwl  H"  later  on. 

(li)  Coijiba  I  Boiiiluiy  ).  'J1ie  preliminary  tremor  lasti'd  3'"3r, 
the  ni(»ti<»n  l>eing  gieate^t  iur  tlie  first  18^"'  of  the  principtil  poiiion. 

IF,  be}$an  at  4"  17".  or  3"  23"  52"  after  the  commencement  of 
the  earthquake  disturbance  there;  the  max.  group  (2a=0.(>mm, 
actual  I'eading)  occuning  at  4**  24"*.  The  motion  lasted  altogether 
for  about  32*  the  last  slight  max.  };i-oup  in  this  poi-tion  possibly 
bei<>ii«xin«r  to  the  H-i  motion. 

Taking  tlie  av<M  age  from  the  AUpoi-e  and  ColaUi  observations, 
we  obtain : — Time  interval  between  the  commencement  of  the 
principal  portion  and  that  of  the       motion =3"  14"  41%  the  cor- 
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respoiul'm^  Vpieontial  distance  being  13  37',  in  tlie  oases  of  tliese 
two  stations,  the  \\\  reeordinl  by  the  seismographs  seems  to  1)6 
tbe  3rcl  phase  of  the  pnncipal  portion  of  the  major  arc  propagfl* 
tion ;  tTie  time  interval  above  obtained  being  nearly  equal  to  the 
time  required  by  the  wave  of  that  phase  in  making  one  eoni{)lete 
circuit  of  the  earth.  Thus,  if  tlie  velt^M-ity  {v.,)  of  the  3id  i>hase 
of  tltt^  piincipal  portion  be  assumed  to  be  3.2  km/sec.,  we  have : — 

J  — =-  =201.7"""  -O.tHOOH  x""', 

in  which  x  denotes  the  len>^h  of  tlie  earth's  ciroumference,  :r  the 

epicentral  distance  of  a  given  station,  and        tlie  intenal  between 
the  times  of  an-ival  at  the  latter  of  the  phase  nnder  eousiiU  iatitai 
along  the  minor  and  the  major  arcs.    The  maximum  vahie  of  ^  . 
corresponding  to  .t=0,  is  according  to  the  above  formula,  abont- 
3"  21. "7. 

186.  BrM9h  SiaUon»,   As  shown  later  on,  thei-c  are.  in  the 

ir,  motion,  two  predominating  sets  of  vibrations  wliose  i^'ricxls 
are  appioximutel}  eqnal  to  H,  (:=alK)ut  *20  sec.)  and  I].  (  ^a(>ont 
25  sec.)  respectively ;  the  vibrations  occuning  earher  tlian 
ones.  Thus  it  is  to  be  readily  understood  tliat  the  record  of  tlie 
Wt  motion  dtffem  much  according  to  the  oscillation  period  of  the 
"  steady  mass  '*  of  the  seismograph.  Tliis  <  ircninst<nice  is  well 
illnsti*atcHl  hy  tlie  Mihic  horizonttil  pendulum  seisnnjgmnis  obUiintHl 
at  the  Uritish  stations.    (See  §§  67 — 71.) 

Shide  remrdf.  The  maximum  part  of  \V\  in  the  C-pendulum 
record  began  just  at  the  termination  of  that  in  tlie  .8-pendiilura 
one.  As  the  nattn^al  oscillation  period  of  the  C-pendnlum  was  20 
sec,  while  that  of  the  i?-jxMiiliiliini  was  iT)  sec.  this  siiows  that, 
in  tlitj  Wt  motion,  the  vibrations  of  ]>eriotl  of  about  sec,  oc- 
curred earher  than  thoso  of  about  20  sec. 
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Edinburtfli  record.  TIk'  \\\  motion  began  la  tor  tluiii  tlio 
appoai-ftiice  of  the  maximum  groap,  marked  .9,  in  ^h^Q  100016.9^ 
This  was  probably  due  to  the  shortness  of  the  penduhim  period 
of  the  Edinburgh  instrument. 

Keir  record.  Tho  first  max.  jj^roup  in  the  Wf  motion  cor- 
msixHids  to  tliat  maikctl  c  in  tho  ShicU*  6'-i>('ii<lnhnn  record,  which 
octcurred  at  3*'  30.4'".     Tlie  2nd  max.  puup,  which  begtiii  at  3'' 

coiresponds  to  that  marked  g  in  tlie  Edinburgh  record. 

LirerptMtl  record.  The  max.  group  corresponds  to  the  group 
e  ill  tlie  Shide  C-pendulum  record. 

Paisley  record.  The  record  was  nearly  siiuildi  to  that  for 
Livei-pool.    (hwe  Pis.  XVIII  and  XIX,  the  PuhlUutiuns,  No.  23.) 

187.  Quenee*   As  an  ilhistration  of  the  identification  of  the 

forres|)oii(hnL:  *iH)clis  in  tlie  movements  propajrated  alonjj  the 
ininoi  and  major  arcs.  I  shall  here  briefly  connider  the  t>l)st'rva- 
tion  at  Querce.  (See  §  34).  Tho  Wj  motion  in  tho  NK-.SVV  com- 
ponent is  much  smaller  than  that  in  the  NW-iS£  component  The 
latter  component  may  be  summarized  as  follows : — 

Kni-tliqnake  ( Vnunieiiceiin-iil    0"  .'>9'"  8". 


{a)  1"  <»■"  '24"  Cummeucemeut  of  2ud  pi-eliiiiiiiarv  ti-emor. 

(b)  J  20  00   „  Hid  phase  oi  princ.  portioii. 

(<■)  1  :M)  07  Motion  ivdive. 

(d)  1  2H  rtd  Cireatesi  mnx.  gmiip  of  pendulum  oaciUation. 

(e)  1  39  07—2*'  1"*  7"  Motion  more  or  leas  active. 

(/)  3  10  50  Commencement  of  the  Wa  motkm. 

(9)  8  2H  12  Motiott  became  laxger,  3<i= 0.12  mm. 

(A)  3  48  19   „      incveased,  2a=0.14  mm. 

({)  3  47  50   most  jictiTe»  2a =0.27  mm. 

0')  »  57  14  End  of  motion. 


Let  us,  fur  tlic  sake  of  trial,  suppose  thut  ( i )  of  the  \\\ 
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luotioii  cont'spDiidii  to  {d)  of  the  IK,  motion,  or  the  etirtlKjiiake 
proper;  (/)  and  (6)  being  also  supposed  to  be  corresponding 
vibrations.   On  these  assumptions  we  have : — 

(i)  3"  47*  50"         Ud)  1"  28"  56* 

(/)  -i  10   no  \{b)  1  20  09 

l)iffei'eiioe=    a?-"  bifiei"euce=    8"  47 

(d)-(6)     8"' 47* 

This  number,  being,  under  our  supposition,  the  ratio  of  the 
(liiration  of  the  3rd  j)hase  of  the  prinrijKil  jmi-tion  in  the  TV.  mo- 
tion to  that  in  the  W^,  ought  to  be  approximately  lmjuuI  to  tJie 
ratio  of  the  major  to  the  minor  arc  of  the  earth  between  Florence 
and  the  earthquake  origin,  as  the  duration  of  a  given  phase  of 
the  motion  increases  nearly  in  ]>ro|x>rtion  to  the  distance.  We 
liave : — 

minor  aic"^  51**  54'""  ^  ' 

which  ratio  may  be  regai-ded  as  being  sufficiently  near  to  that 

of  tlie  durations  |nt'vionsly  obtained,  in  view  of  the  very  ap- 
proximate natui*e  ot  the  discussion  in  question.  As  the  ratio  in 
(1),  however,  is  greater  than  that  in  (2),  it  is  p^haps  better  to 
regard  (/)  as  corresponding  to  some  epoch  in  the  2nd  phase  of 
the  principal  portion. 

ISA.  Ikteubaua,  t^teitenham,  and  WaMtigton,  As  exam- 
ples of  the  combination  of  the  obsei-vations  i^lating  to  the 

motion,  at  two  or  more  neiglibouring  stations,  let  us  next  eorai>are 
the  Tacubaya,  Ciielteuliam,  and  Wusliington  records. 
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TABLE  XL.   Times  of  (.'oinmciicemeiit  of  tho  different 
Phases  of  motion  at  Tacubaya  and  Cheltenham. 


Phase  of  motio& 


TAcnbnja. 


Oielteuluun. 


lluie  tliff(>renee: — 
I      'J'ucnbuyft — 
I  Cbeltcnhnm. 


Ist  Piel.  Tremor. 

2nd  ProL  Tremor. 

l«it  Phase,  Prine.  Portion. 

2ik1  Pliase,  I'liuc-.  Portion' 


1  28   3  ! 

1  43  45  J 


1  8  39 
1  23  21 


+  2  4« 
<K  4  42 

+  8  10 

+10  r,9 

+  11  0 
+  12  a? 
-14  33 


1  35 


1  50  27 


1  :J9  28 


1  5:$  HO 


1  42  'M) 


■hi]  IMiust-.  I'll  lit.'.  Portion. 
W^  :  Max.  PbasB. 


2    1  49 


1  49  12 


2  43  4tl 


2  58  19 


Thii  EVV  component  »eismogi*anis  obtained  at  Tacubaya  and 
Cheltenham  enable  us  to  make  a  fairly  aocmtito  comparison  of 
the  times  of  commencement  of  the  different  phases  of  motion  at 
these  two  places.   As  the  arcual  diBtances  of  Taenbaya  and 

Cheltenham  iium  tho  centre  of  the  tarthquiikc  distiiihance  art* 
128  47'  and  105  22'  respectively,  the  vibratious  projxigatcd 
along  the  mmor  aros  of  the  earth  ought  to  reach  the  latter  place 
earlier  tlian  the  former,  the  reverse  being  the  case  with  those 
propagated  along  the  major  axes,  or  the  waveH.  Now,  accoi'ding 
to  the  preoedin*^  table,  the  time-diflference  of  arrival  nt  Tacubaya 
and  Cheltenhatn  was  2"' -I IP  foi-  tlio  eununenct  iiu  nt  of  the  1st 
preliminary  tremor,  tlicucc  gradually  increasing  up  to  12'"  :?7''  for 
the  3rd  pliase  of  the  principal  portion.  The  time  difference 
might  he  grctiter  for  the  later  phases  of  the  same  portion,  but 
tho  further  identification  was  not  possible.  For  the  maximum 
phase  of  the  W.  motion,  the  corres]xjnding  «lifference  comes  out, 
as  ought  to  be,  negative  and  amounted  to  14"'  33*. 
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(//)  CalciuaiioK  cf  ilu'  Tra::^:!  rclocify  frcn^  //':r  :'>:h:::L'<^rj/'!iic 
records  al  a::y  hvo  flad  :.  Vvom  the  seismogiaphic  it)Cor<ls  tal<eji 
at  any  two  places  at  dilierent  distances  &oin  the  earthquake 
origin,  wc  can  accurately  calculate  tho  tranBit  velocit}'  of  the 
Hi'd  phase  of  the  principal  portion,  by  comparing  it  with  the 
most,  active  part  in  tho  \\\  motion,  oven  when  the  cloek  indica- 
tion at  eucli  place  is  slightly  wrung.  Thus  let  r,  denote  the 
difference  in  the  times  of  arriv-al  at  tho  two  given  stations  of  the 
3rd  phase  of  the  inrincipal  portion  of  tlie  seismic  waves  propagated 
along  the  minor  arcs,  and  (-r,)  the  corresponding  quantity  for 
the  waves  propagated  along  the  major  ares.  If  the  dock  indica- 
tions at  the  two  places  he  iKM*fe<'tly  act  uiate,  tai^^ht  t(»  he 
e<|ual  to  Tj,  supposing  the  identilications  of  the  IK,  and  \\\  waves 
to  be  correct.  Let  or  bt*  the  irhtiee  dock  correction  to  be 
applied  to  r,  and  vt  necessary  for  gettmg  the  true  time  difi^nces. 
We  then  have: — 

 2  » 

2Ab 

wliere  r,,  denotes  the  velocity  of  j)r()[)agHtioti  of  the  Si-d  pliase  of 
tl>e  principal  ination,  and  '^'j^  is  tlie  diflereacc  between  the  arcual 
distil  noes  from  the  eaitiiquake  oiigin  of  the  two  given  stations. 

To  apply  the  above  equations  to  the  casen  of  Tacubaya  and 
Cheltenham,  we  have: 

AirsiaS"  47'- 105*  22' =33"  25' 
r,=12'"H7' 

We  tin<i  therefure  : — 

[       or  —  +  r>.S  sec. 

\     t;,=3.l7  Jem  per  sec. 
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Using  tluB  time  correction*  we  may  calculate  the  velocities 
of  the  diffbrent  phases  of  the  earthquake  motion  from  the  time 
iliffcmiccK  between  Tacuhaya  ami  Cheltenliain,  given  in  the 

prect'ding  tablt',  as  follows: — 

23**  25'        I,  -  .  , 
(  ^--(2^4Ui)W  ' 

_      23^  25'  ^  . 

4...  42«+f,8'' 

TlicBe  vahies  of  thi^  velocities  agree  very  well  with  those 
given  in  a  later  §. 

(///)    Coiitpurison  vj  NS  Con:/>o:ii'::i  St'isuwi^rui!:s. 

TABLE  XLI.   Times  of  Ck>mmencement  of  the  dilTei^nt  Fliases 
of  motion  at  Cheltenham,  Washington,  Tacubeya. 


Time  Uififerouce: 


I'liHHe  of  motiou.      ,  Clielteulmui.  Wnsluugtou.  Tacubuvu.  I:  TacuiwyMp- 

II  '  I         *  ijca»».*wiwb.) 


Ii      m      *  li      ni      h  li      ni      M     I                til  » 

l8t  ProUmiuary  Troinon  i  1   8  38  1    8  25   t   1  11  25   i    +  2  5H 

2nd       „            „     !i  1  23  23  1  2H  27 

Ist  Ph.,  Vtlnc,  Portion,  'j  1  85  39  1  35  B(i  ' 

3h1  PIl.  l*riiK-.  Portion.'  1  51  10  1  61  IB 

Max.    Hotiou,    in  the! 

abore  phme.            !>  1  52  15  <    1  52  39   ;   2  11  18        i  18  51 

4tb  Ph.,  Priiif.  Portion.  i|  2   3   2  —       '  |, 

W3  (commeiiceineut)      '       —  2  27  28  ' 

Wt  (principAl  portion)  2  51  27  I  2  52  30  |  !| 

Wt  (moat  difiiiuct  part.)  "  '   "  ' 


2  58  43       2  48  25   !•    -10  18 
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Thf  Miciuil  (Ijstaiiecs  of  Cholteiiliaiu  and  Wasliiii^^toii  I'rtim  the 
l  aithquake  orij^iii  are  nearly  ("qual  U)  one  another,  being  i*es[jee- 
tively  lOd""  22'  and  105  17'.  It  is,  thorafore,  not  possible  to  make 
any  calculation  based  on  the  time  differences  for  these  two  places. 
Table  XLl  shows,  however,  that  the  times  of  arrival  of  the 
«liflrerent  phases  of  the  seismic  motion  at  these  two  stations  were 
l)ractically  identical.  Taking  means  from  the  two  tieismogramii, 
we  tind : — 


Cbelteuliam, 
Wfudiiugton. 

tral  diHtaucH. 
=105*'  30' 


/  Ist  prelitnioary  tremor.  1   8  32 

2ud       „           „  1  23  25 

1st  jdmse,  pj-iucii>»il  jxuiiou.  1  35  38 

aitl     ,.    ,              „  1  51  IH 

Max.  in  tlie  :inl  pbaw.  1  52  27 

>  I'riucipul  puiiiou  iu  U'^  2  ol  i>9 


Taking  the  avomge  from  Tables  XL  and  XU,  we  have: — 
Difference  between  the  times  of  occurrence  at  Tacubaya  and  two 
American  stations  of  the  most  active  pai-t  of  the  motion = 
12"*  26*;  the  eorres|mnding  proi>agation  velocity  is,  using  the  same 
clock  ct>ri'ection  before  found. 

23°  27' 


180.  Tokyo  Observation.  To  identify  the  corresponding 
vibrations  in  the  tlmMi  components,  I  give  in  the  following  table 
the  time  of  commencement,  2a,  and  7*,  of  tlte  successive  i>|>oe}is 
in  tlie  reeor<ls  furnishetl  by  the  two  long-[)eriod  iiorizontid  pen- 
dulums and  the  vertical  motion  instrument.    (See  §  §  14  to  20.) 
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1 

EW^  ODmiKNMfllt. 

SS  OODtpQIMllt.  1 

Tcftiod  ObBpooant. 

jspocii. 

occur- 

*2a 

1 

r 

Time  of  | 
occur- 
leiuML  1 

2a  1 
1 

— ! 

Tiini'  i.>f  1 
ocour- 
renoe. 

2a 

T 

A  (UeginniDK  of  2nd 

dm* 

I  ue 

mm 

f2.5  , 
I'm 

'MA 

JOT 

ii  til  " 
1  Ot)  25 

Mm 
/SJ33 

ILG 

Ii   in  II 

1  06  25 

mm 

B 

1  11  06 

•t7  7  ■ 

1  10  28 

41 7 

C  (Bf^iimiii^  of  2Qd 

i*h..  r.P.) 

1  15  44 

loe 

53.0 

1  lo  15 

3JtO 

1  16  45 

0X17 

45il 

D  (Befl^ing  of  3rd 

1  20  84 

6.84 

87.6 

ilVnnfttr 

vent  oat) 

1  90  81 

0.28 

29.7 

E 

1  98  S4 

2.4() 

1G.8 

1  SS  00 

0.18 

F 

133  81 

847 

10.3 

- 

1  23  07 

0.29 

14.7 

0 

1  27  (>2 

1.70 

10.3 

U  (iiegiODing  of  W;;) 

2  43  37 

0.10 

4S.0 

I 

a  15 

0.f>67 

30.ft 

J 

3  21  17 

8mn)l 

Slow. 

K  (M  Max.  of  yft ). 

3  24  31 

0.13 

24.3 

3  2.')  17 

0.10 

85.4 

X(aiidllMc:  SnIPli., 
PJP.  at  Wt ). 

3  S3  37 

0.19 

19.4 

3  33  as 

BmaU 

Jf 

;  U.12 

r.».5 

3  -.n  31 

!  •' 

i».r> 

1  '24  52 

Kmnll 

1 

44.(1 

1  

1  . 

1 

1 

(H)  and  (L)  ia  the  foregoing  table  seem  to  correspMjnd  res- 
pectively to  the  commencement  of  the  Ist  phase  and  the  com- 
mencement of  the  3rd  phase,  of  the  principal  portion  of  the  Tr, 
motion.    (For  the  identification  of  (L),  or  the  2nd  max.  groiip  of 

W..,  tUv  readoL'  is  a  bo  lofcrml  io  5^  ML)  AcconUnjx  to  tliis 
supixjsition,  wc  olitain,  by  taking  the  means  from  thf  thrw 
components,  the  following  value  of  the  daration(=:^,.J  of  the  1st 
and  2nd  phases  of  W^i — 

(/■)  3''a;rao' 

(H)  2  43  37 


Digitized  by  Go 


230  F.  Oman 


As  tlie  (limition  (//,,)  of  tlic  1st  and  2n<l  pliasi-s  of  the  piiix-ijial 
ixirtion  of  the  11',  motion  or  tlie  eailluiuakf  laoper  was  7"'  21' 
(§  20),  we  iiave 


«,8. 


This  ratio  is  not  much  iliffcrcnt  fioni  ratio  of  thr  major 
and  minor  arcs  betweon  Tokyo  and  the  eartli<iuake  origin,  namely, 

:\m°  :u' 


51"*  26' 


A^ain,  thr  velocity         of  propagation i  of  the  old  phase  of 
the  principal  jxirlion  may  he  deduced  from  the  comparison  of  the 
and       vibrations,  as  foUowH : — 

140.  Osaka  Obaermtion,  (See  §  22).  Tlie  period  of  the 
))riucipal  vibrations  in  the  most  active  ]>art  of  the       motion  was 

18.5  sec.,  wljile  tliosc  in  the  precediiiL;  ])hasc  were  ^."i.l  and  20.4 
st'c;  the  vibrations  with  periods  similar  to  one  or  both  of  tlx  sc 
latter  occurring  in  the  Ist  and  2nd  preiiminary  tremors,  and  the 
1st,  2nd,  and  4th  phases  of  the  principal  portion,  of  the  motion, 
or  the  earthquake  proi)er.  Tlic  diagram  did  not  indicate,  in  the 
Ijrd  phase  of  the  principal  portion,  the  vibrations  with  a  ])eriod 
of  exactly  18. 5  .sec;  but  it  is  likely  that  tlie  existenci'  of  such 
movements  there  was  masked  by  large  proper  pendulum  oscilla- 
tions which  pstrtly  confused  the  record. 

The  times  of  occurrence  of  the  first  feeble  and  the  most  active 
parts  in  the  motion,  denoted  by  //  and  w«%»  respectively 
as  foilo\v.s  : — 

=:3"  22'"  30',    U'~'6"  40'"  iHi'; 
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the  time  difll'ronc<s  4'— t,'.  being  IH"'  26\       and  <;  may  probably 
bo  taken  as  marking  approximately  tlic  commencements  respective- 
ly of  the  2nd  and  3rd  phases  of  the  principal  portion  of  the 
motion;  the  corn'siwnding  times  in  the  earthquake  proper  (tVj), 

denoted  by     and  /j,  beinp:  rcspt  i  tively 

16"  61'  (»ppro3dmate),   /»=!"  Sa-  9"; 

The  difference,  /  — is  3'"  IS'. 

Now  the  nrciial  lUstanccsi  Ijetweeii  Osaka  anil  tlie  earthquake 
origin  are  as  follows  : — 

«=  48^  19'   Along  the  minor  am. 

af'=3enP--«=311  41   ,      „    major  furc 

We  thus  obtain  : — 

:)(;m--.v      _  f.'-tt 
 — O.o;  — ^ — - — =5-6. 

Tlie  appro.>dmate  equality  of  these  two  ratios  tends  to  prove 
that  the  assumed  identifications  of  Uio  phases  in  the  and 
movements  are  ronghly  correct. 

Under  this  supposition,  the  velocities,  r,  and  t-j,  respectively 

eorresiH)ndiii<j:  to  the  eoniiiu'neenu'nls  ni"  tlir  •Jiid  and  phases 
t)f  the  prinei[)ai  poition  inu}-  bo  deduced  from  the  observation  of 
Wj  and  U\  movements,  as  follows: — 

141.  Thne  of  Occurrence  and  ^opngation  Ve^oeiHee  of 

the  ir  Motion,  The  IK  niulioii  generally  present<id  a  seiies  of 
maxlnia,  the  1st  and  '2iid  being  specially  well  dcUued.    As  will 
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bo  sci'ii  from  Tabk'  XLIl,  the  2ncl  maxinmin  was  in  inost  cases 
gi'eater  than  the  1st.  The  iolluwing  table  gives,  for  eacli  of  a 
number  o£  tlie  stations  where  the  earthquake  vras  observed  with 
laige  time-scale  instniments,  the  epiooitTal  disianoe  (x),  the  times 
(/,  and  O  of  commencement  of  the  1st  preliminary  tremor  and 
the  3rd  phaso  of  the  priiu  i[>al  iK)ition,  and  the  times  (/',  //  and 
//)  of  coiunieiicemeiit  of  the  \[\  motion  and  its  Ist  and  2nd 
maxima. 


TABLE  XLIL   Obserxation  of  \\\  Motion. 
Times  of  Occurrence.*   [Open  Seismograms.] 


Bpfawiitaml 

IT,  (Kq.  Proper.)  ; 

Place. 

Ti«M  of 

occurrence 

'it 

Cum  me  nee 
mi'nt  of  3nl 
Ph..  Princ. 
Portion 

ment 
=<' 

Muximtim 

^laximiim 

Tokyo  (EW)  f 

h     ni  K 

1  20  34 

ii     111  » 
3  24  31 

Ii      m  < 

'A  n:?  H7 

»     (NS)  ; 

ii    III  * 
0  69  08 

h      m  « 

2  43  37 

3  25  17 

:t  m  30 

„      (Vertical)  | 

t 

1  20  31 

3  33  22 

Owka  (EW) 

4H  19 

0  58  51 

1  19  52 

3  22  30 

(3  36  09 

\'^  39  40 

TadotBU  (EW)  | 

47  02 

0  58  49 

1  18  52 

3  31  22 

3  36  35 

jPotstlaui  (EW) 
1  (NS) 

49  48 

0  68  40 

Jl  17  29 
11  17  39 

3  20  31 

3  26  31 

3  4l»  10 

Triest 

49  52 

0  58  44 

3  13  56 

3  54  26 

( iottiii^eu 

51  45 

{}  58  55 

1  20  18 

Is  20  — 

:\  45  — 

l^uerce 

1  51  54 

0  59  08 

1  20  09 

3  10  50 

3  28  12 

3  43  19 

BirmitigliMu  (EW) 

1 

58  49 

1  00  85 

1  36  22 

3  01  27 

S  18  22 

'  *  V  ""^  W  «w  mpeotiTely  tbe  tints  «t  oonnaMfiMiQABt  of  tlie  lat  md  vucdmk  in 
tbe  IT,  matioD. 
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■a  BisdiqiM 

the  of  IMS. 

IL 

933 

Wi  (Eq.  rrojjer). 

HtatioiL 

Dutanoe 

occurrence 

uomiDviioo- 
ment  of  •Sid 
Pb^  Princ 

V'OiDiiit'nce- 
ment 
=f 

iSL 

Maximnm 
Tbue=t\ 

MaTimnTn 

1 

Waahington  (NS)j 

105»17' 

t<     m  t 

1  08  25 

h     m  M 

1  61  16 

h     m  a 

2  37  28 

h     m  s 

3  53  30 

h     m  II 

2  58  43 

i 

Clielteiihsu  (EW).' 
.      «  (NS). 

105  22 

1  08  89 

[1  49  12 
U  51  10 

2  51  27 

2  58  19 
8  02  34 

3  09  05 
2  58  32 

Taonbaya  (EW). 

(NS)J 

128  39 

1  11  25 

j2  01  49 
12  09  31 

2  16  41 

243  46 

348  86 

The  different  places  coiitained  in  the  above  table,  with  the 

exception  of  Triest,  may  be  divided,  aooording  to  the  epiceutral 
distance  into  two  groups  as  follows. 

TABLE  XLDI.   Mean  Group  Values  of  Times 
of  Ooeurrence  of  IT,  Motion. 


Ofionp, 


(i) 


Tokyo,  Osaka, 
Tadotsu,  Qaerce» 

Binniiigliain. 


Epioentral 
Distance 


Time  ol  OoooRenoe. 


[SidFli.. 
of  IF»-<. 


5r  IS' 


h      m  n 

1  20  33 


Conunence- 
neat  oC 


li     ni  II 

2  43  37* 


3  24  21 


01  IT.-I', 


I)      m  « 

3  38  68 


(ii>]CIielteiiliam, 
(Taoubaya. 


113"  06' 


1  54  25 


2  22  05 


3  49  14 


2  66  09 


(*  Baaed  on  the  Tokjro  olxtcrvation  alone.) 


(Propagation  Velocities,  calculaied  by  0irect  Method."  Table 
XLTV  gives  the  transit  velocities  of  the      motion,  obtained 
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by  the  formula 


V  1  *  d&CP-x  d&OP-x 
VeIocity=— — ; — f  or 


if  Imog  the  time  of  earthquake  occurrence  at  the  origin.  The 

velocity  relating  to  ^V^  has  been  obtained  in  the  usual  way. 

TABLE  XLIV.  Propagation  Velocities,  calculated  by 
"Liieot  Method."    [Compariaoii  cf  IF;  and  IF,  Telooities.] 


Qioap. 


Ufl  =  Velocity  of  the 
3rd  Phase  of  Pmio. 


i;'4=Vfilocity  of 
Ist  Maximum 
of  W,. 


y '5= Velocity  of 
2nd  Maximum 
of 


Velocity  of 
Commenoemeut 
of  r,. 


u 


km  «««. 

,»  a.25 


306"  42' 


.kniinec 


246^  64' 


==3.70 


dOer  42' 


=3.38 


af»49"'10^ 


80y  34' 
1»53"43» 
246*  54' 


kin'MK'. 

=5.02 


— jOfi 
1*  32-17'" 


Thus  ilie  velocity  r^'  of  the  2nd,  or  greatest,  maxinnun  in 
the      motion  is,  for  Group  (i),  very  nearly  equal  to  the  velocity 
of  the  3rd  phase  of  principal  portion  of  W;,  and  it  seems  that 
these  two  epochs  are  corresponding  ones ;  the  identification  of 

the  2nd  maximum  in  the  motion  of  Group  (ii)  being  probabl}' 
not  correct. 

(Propagation  Velocity,  calculated  by  ••  ^hiffcrcncc  Method." 
Calculating,  for  the  2nd  maximum  of  Group  (i),  the  velocity  by 
the  **  difference  method,*'  that  is  to  say,  by  taking  the  time  and 
distance  differences  betwe^  the  mmor  and  major  arc  propaga- 
tions, we  obtain : — 

,    360°-2x      257^24'  , 
^»  ==-lV^"  ^  2''  18^  =^*^  ^/"^ 

This  value  of  tlie  velocity  is  not  much  different  fi'oni  Uiat 
obtained  by  the  "direct  method." 
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142.  Wi  Motion  observed  with  MUne  Hovixoutal  l*endu- 
litms*  The  following  table  gives  the  results  relating  to  the  VK, 
motion  as  registered  by  MOne  horizontal  pendulums  at  11  dif- 
ferent  stations  of  Kew,  Edinburgh,  Shide,  Liverpool,  Paisley, 

San  t>rnaiido.  Cape  Town,  Baltimore,  Wellington,  Alipoiv,  and 
Colaba. 


TABLE  XLV.   Observation  of      Moticm :   Times  of  Occun'once. 

[Milne  l£ori/A>nt*il  Pendulum  Seisnmgrums.] 


Wt  (Bq,  Ptoper). 

Staiiuu. 

TisM  of 

OOCQITC1I06 

Cijounence- 
ment  of  3id 
Fb,,  Prino. 

Coium«»ncij- 

Mttdmnm 

Kew. 

h     «  « 

1  00  12 

^-  T 

1  28  12 

h    »  » 

h       III  ■> 

3  36  54 

58 

48 

1  00  00 

1  22  36 

3  46  54 

Sliide.  ' 
T4verpooL 

58 
59 

52 
18 

1  01  00 
1  00  30 

jl  22  42 

11  30  00* 
(1  23  54 
(1  28  54* 

3  04  36 
3  28  58 

(3  20  24 
13  38  42^ 

3  37  48t 

59 

30 

1  00  00 

j  l  2:^  54 
(1  31  12* 

3  48  24 

San  Femando.  | 

66 

47 

1  02  30 

1  87  06 

3  30  07 

Gape  Town. 

i 

85 

46 

1  02  30 

1  36  12 

3  08  18 

Baltiinoxe.  | 

IM 

47 

1  10  30 

1  53  06 

3  13  30 

- 

WelMugtou. 

115 

45 

1  09  48 

1  59  54 

2  2?)  18 

Alipore  (Calcutta). 

13 

42 

0  52  00 

0  55  24t 

3  57  30 

4  11  m 

Cblaba  (liombay). 

13 

28 

0  53  08 

0  56  39t 

- 

4  17  00 

*  Time  a£  ooeaireuoe  of  the  abtioluto  maximum  in  W^' 
X  TiBM  oC  oecuNiioe  of  Om  ataotuto  waidraBi  in  TTt. 
t  Ttme  oC  Om  iwniiiuiMMment  of  tlie  Frine^  pottfon. 
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The  MUiie  horizontal  pendulum  observations  of  the  U'  inotion 
lead  to  a  more  tinifonn  result  than  vas  the  case  with  those 
furnished  by  the  mechanically  registering  instruments.  I  shall 
next  consider  the  records  obtained  at  the  British  stations. 

(  i  )  British  Stations.  The  mean  results  obtaiuiKl  from  the 
observations  at  the  British  stations  may  be  summarized  as 
follows  :— 

( i )  Keif,  Edmbwgh^  Siude^  Lwevpod^  Paisley,  3rd  phase  of 
the  principal  portion  of  ll^,,  or  the  earthquake  proper, 
began  at  t^=l^  23"  16*,  the  corresponding  epicentral 

distance  Ix'iii;,^  58  55'. 

(ii)  Skide^  Liverpoolt  FaUley.  Tho  absolute  maxiinum  trace 
of  Wi  on  the  seismograms  occurred  at  t^  =  1"  30"'  02% 
the  corresponding  distance  being  60°  13^ 

(iii)  Shide,   Commencement  of  the  W,  motion  was  at 

Q_|m       .        eori-esponding,  or  major  ai-c,  epicentral 
distijnce  being:  JiOO  -58'  52'= 301  08'. 

(iv)  Skide.  A  maximum  occurred  at  //=a"  20"  24".  The 
corresponding  epicentral  distanoersSOl  '  08%  as  above. 

(y)   Kew,  Sftide,  lAverpool,   The  principal  maximum  occurred 
at  ^j'^S*  ST*  48%  the  corresponding  mujur  arc  distance 
being  300  -  58  45'^  301   1 5'. 
(vi)    Edinbnrgli.  I'aislcy.    Tiie  2nd  principal  maximum  Dccuri-ed 
at  t\=zT  47"'  3p%  Uie  corresponding  major  81*0  distance 
being  360^-69'  09^=300^  51% 
Calculating  the,  propagation  velocity  for  the  above  six  cases 
by  **  direct  method,*'  that  is  to  say,  by  comparing  the  respective 
time  of  occm-rence  with  tliat  at  the  earthquake  origin,  or  <q  (= 
O*"  49"  48"),  we  obtain 
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TABLE  XLVl.  Propagation  Velocity  oi  W,  and  waves. 
'  calculated  by  **  Direct  Method.* 
{BritiBli  Stationa] 


PliUMo  of  moiiou. 


Epioentml 
Dfetijioe. 


Hitm  lutenal. 


Vek>oity, 
oiklealateil  by 


iHrd  Phase  of 
(friuc.  Poiiion. 

a  — 

h 

li      tn  « 

-<^=0  33  28 

kiD;iic«. 

3.20 =t75 

(ii)  IF,.. 

Abedate  Max. 

0!= 

$913 

£-^=0  40  U 

2.73 

GomtnAnceiiiieiit. 

»=:30I  06 

t' 

-^=2  U  48 

414 

(iv)  IT,.. 

A  niftz. 

>» 

=30108 

-1^=3  30  36 

8.71 

(▼) 

.Frinc  Max. 

» 

=30115 

-^:r=2  48  00 

3.33=v,' 

(vi)  IF,.. 

■2nd  „ 

=300  51 

u 

-^0=3  67  51 

3.14 

 — 

Tims  ifc  will  l)e  seen  that  the  velocity  r/  of  t)ic  princiijal 
inaximiini  ot  the  motion  is  veiy  nearly  wiual  to  that  of  the 
3rd  phase  of  the  principal  portion -of  the  motion,  namely, 
AsBoming,  therefore,  (i)  and  (v)  to  be  corresponding  phases  in 
the  earthquake  movements  propagated  along  the  minor  and  the 
major  ai-cs,  the  calculation  by  the  "  difference  method  "  <5ives  the 
following  result : — 

tliis  Ixunj^  pmctically  identical  witli  that  dedtieetl  by  the  •*  dii'ect 
method." 

(if)  Sa:i  Jc'riiaiido.  Cape  Toin'::,  ^^U-hwri-,  IVeHiiirlj::^  ylli' 
pore,  Colabti.  The  propagation  velocity  coiTespoudiu^^  to  tlio 
maximum  in  the  motion  at  each  of  these  stations,  calculated 
by    direct  method,"  is  given  in  the  foUowing  table. 
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TABLE  XLVil.   jPi'opagation  Velocity  of  the  Maximum  Phase 
in  the      Motion,  calculated  by  *'  Direct  Method." 

[Hiiu  Feruaudo,  Cape  T<»>vu,  BtUtimore,  Welliugtoii,  Aliporc,  Ck)laba.J 


StatioiL 

Dpioential  Diatance. 

Time  Intenal 

Velodty 

,     360° -a: 

V-i. 

Son  Feimuodo. 

2  40  19 

3.39  km/sec. 

Gape  Town. 

360-  85  46=97414 

2  18  8(» 

3.67 

Btiltimote. 

360  -104  47=25513 

2  23  42 

3.29 

WdUngtioii. 

360  -115  46=34415 

1  39  30 

455* 

AUpore. 

360  -  13  42  =346 18 

3  21  48 

3.18 

360  -  13  28=346  32 

3  27  12 

3.10 

Mean  

3.33 

*  Hun  Telookj  fa  ezdikMI  in  dedndiis  Um  Rvense  TnhM. 


The  values  of  the  velocity  v^'  given  in  the  above  table  are, 
with  the  exception  of  that  relating  to  Wellington,  fitirly  imiform, 
indicating  that  the  velocity  in  qnestion  does  not  var^'  with  the 

distance.    The  average  value  of  v^'  is 

8.88  km  per  sec 

Next,  calculating  the  vekx^ity  r,'  for  eadi  of  the  jilxn-e-Tnentioned 
stations,  by  "  difference  niotliocU"  namely,  by  comparing  th(*  time 
of  occurrence  of  the  3rd  pha^se  of  the  principal  portion  of  fclie 
H  J  motion  with  that  of  the  principal  maximum  of  the  ir„  we 
find:— 
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TABLE  XLVIIl.    Propagatiuii  Velocity  of  the  Maximum  Phase 
in  the  M\  Motion,  calculated  liy  "  Differcncc  Method." 


Epioeateal 
I>ifitaiioe=9p 

Time  Diflfereuco 

Velocity  Uj' 
360^.2a$ 

Sau  Femawdo. 

fM)*  47' 

li     m  • 

2  03  01 

3.42  km  per  860. 

Cape  Town. 

85  46 

1  32  m 

3.78 

Baltimore. 

104  47 

1  20  24 

3.47 

Welling^. 

115  45 

0  29  24 

(?) 

AlipcNie. 

13  42 

3  16  12 

3.U 

Golatia. 

13  28 

3  20  21 

3.09 

&88 

Thus  the  vahies  of  the  calculated  by  the  "difference 
method  "  are,  place  for  place,  nearly  identical  with  those  calculated 
by  the  direct  method.**  Accoidmg  to  the  above  table,  the 
average  velocily  is 

s=:3.38  km  per  see., 


whicli  is  pruetieuUy  ideufcicjil  with  that  obtained  from  Table  XLVII. 

143.  ComtHtrismi  of  the  Velocttie»  of  IFi  for  different  set8 
of  stations.  The  results  respectuig  the  velocities  of  tlie  IF,  motion 
stated  in  the  two  preceding  §§  may  be  summarized  as  in  the 
following  tabla 

TABLE  XLIX.   Comparison  of  the  Veloeilaes  of  the  Motion, 


calculated  bv  **  Dii-ect  Metliod.** 


{A)   Tokyo.  Osakn.  Tndnisn,  f.hnrce. 

FotsdiUa*  Oiittingftu,  liirmi ogham. 
(B)  Wonhfaglon,  Chelteiihaia. 

Phfue  of 

Bi'itiHli 
BtatioDS. 

San  FemandOb 
C<»p«  Town. 

BiiUirijorM.  V:.  ]- 
lington.  Aliporc, 

Vekdfy. 

1  Motkm* 

Veiooify. 

VekMdty. 

HidPh.,P.P.,»r, 

km  ^-c. 

13.11  (A) 
''•^13.26  (B) 

3idPh.,p.p.,rr, 

fen^Me. 

i;«s3.a6 
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{A)   Tokyo,  Osftkft,  Tn.1  itm,  O'jptc*'. 
I\)tildam,  Guttiagen,  iiumuigbaiu. 

(3)  WMliiingtoiit  GbflltoidMVit 

1 

PliMe  of 

MotkNL 

Briiitah 
Statkms. 

i3nD  X  cTDIUUI  (If 

Cape  Town, 
Baltimore.  Wei- 
Ungton,  Alipore, 

Phase  of  Motion. 

Vel(X>ity. 

Velocity. 

Velocity. 

OomnwiiDemeiit, 

15.02  (.4) 
14.96  (B) 

Oocuii«iM!eaMiit»1Ft 

i.U 

kn/MC 

1st  Mjue.)  fis 

jH.70  (.4) 
(3.83  (B) 

Ist  Max.,  Wt 

8.71 

Sod  Mttx.»  Wa 

v^'^SM  (J) 

Mneipd  Ibz.,  IF, 

Next  Max.,  IF, 

3.14 

From  ihe  Bhove  table,  it  will  be  seen  araongst  others  that  the 
princii)al  maximum  of  W,  m  the  Milne  i)]ioto<?nims  corresponded 
to  the  2nd  (greatest)  maximum  in  the  mechaniciil  I'ocords.  The 
avenge  values  of  the  velooitles  o »  and  v^,  calculated  both  acooixl- 
ing  to  the  **  direct  *'  and    difference  **  methods,  are  as  follows  :— 


TABLE  L.   Average  Values  of  the  Velocities  of 


TF,  and  Waves. 

Method  o£  calculation. 

Vft^^sYdooity  of  8id  PIi. 
Prinoipal  Portioii,  Wi, 

«V~Velooity  of  2ud  or 
FriiMilMl  Max., 

Diraet  Method. 
Diflevsnoe  „ 

3.26  ($116) 

3.H4*" 
8.39 

The  agreement  between  and  v\  is  veiy  close,  and  we  may 
conclude  that  the  principal  maximum  in  the       motion  approxi- 

matf»ly  corresjwnds  to  tlic  commencement  o£  the  3rd  phase  of  the 
pnucipai  portion.    We  Jiave  further : — 
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{A)  Japaueae  Stations. . 


(Velocity  of  the  commeiicejueut  of  ^^2  =  6.0  km/sec. 
„      „  Icrt  maximum  „    =3.75  „ 

144.  Amplitude  and  Period  of  Vibration  in  IF".  Motion. 
Table  LI  gives  the  elements  ul"  niotiuii  tliiring  the  .successive  epoclis 
of  VK,  at  each  of  the  10  stations,  as  follows  : — 

Tokyo  (EWj. 
„  (NS). 
„  (Vertical). 
OHakft  (KW). 
Tadotan  (£W). 

Cbeltenbam  (N8). 

(EW). 

Tacubiya  (NS). 

(EW). 
Waaliiugtou  (NS). 

Qneiwe  (NW-SE). 
Birmine^m  (EW). 
Fotadam  (EW). 

(NS). 
GdltiiigiBQ. 


{B)   American  &  Mexican 
Statioiw.  . 


{O)  European  Stalbiis., 
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TABLE  U.  Observation 
(A)  Japanese 


Phase  o{  Motion. 

Tokyo.   EW  Component. 

Tokyo.  NSCompcHMiit 

Duration. 

T 

2a 

DmatioD. 

T 

2a 

1 

m  ■ 

n 

* 

CVnanienMniftnt  of     • . 

— 

2 

15 

J  45.0 
111.9 

0.1 

id 

i  k  1 

04 

(19.1 
1  12.6 

9 

23 

3U.U 

0.06 

19 

21 

4 

00 

1st  Maximuia  

(> 

28 

0.13 

2 

45 

25.4 

0.1 

♦ 

2 

38 

22.1 

BmaU 

8 

28 

20.7 

— 

7 

05 

19.4 

0.19 

4 

14 

19.5 

0.12 

/  5 

13 

19.5 

SinaU 

8 

42 

19.0 

0.09 

1 

58 

17.4 

BnuOl 

Sabseqaeut  Pbaaes.... 

43 

09 

17.2 

Small 

<  2 

57 

16.9 

Small 

G 

56 

29.5 

0.05 

4 

46 

20.8 

Small 

.39 

36 

4 

96.0 

•» 
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of  the  W,  Motion. 
Stations. 


Toi^  Yertioal  Gompt.  Osaka.  EW  Comp(meiit. 

Duration.     T       2a   \  IXuuUou.  j    7'  2a 


m  t 


4  09 
8  15 


19.5 


Small 


1  21) 

5  S6 

6  13 

8  (K) 

1  31 

5  5U 

5  00 


mm 


36.1 

20.8 

20.0 

ia3 

18.7 


BmaU 


0.02 
SmaU 

0.06 


Tadoteu.  £W  Componeiit. 

Duratiou.  I    T   ,  2a 


12  25 


—    :  Smnll 

I 

19.5  I  0.05 
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(J5)    American  and 


4 

Phase  df  Motion. 

CheltonhaiiL       Compfe.|ciidltonluiiii.  EW  Gompt. 

T 

Duration. 

m  ■ 

M  ■ 

Ma 

5  19 

29.0 

o.o<i 

1  46 

23.6 

0.06 

4  4C 
10  10 

22.0 

ia5 

0.19 
0.00 

4  :5<; 

19.7 
17.4 

0.2M 
SmalL 

aio 

(2  Oo 
U  20 

(C)  European 


I'lijiHe  f)f  MotioiJ. 


Corameuoemeut  of  W^- 


Ist  Msxintnm. 


2iid  Masimum. 


(^ueree.  iS'W-SK  CymptJBirnrgluiiu.  EW  Coiupt 


m  R 

Me. 

rout. 

16  55 

5  24 

15.1 

0.12 

3  40 

Hniall. 

8  12 

» 

10  21 

16.3 

0  38 

18,1 

0.12 

4  16 

Small. 

4  13 

>» 

,  1  10 

1705 

4  31 

lao 

0.14 

4  36 

lao 

0.27 

4  48 

Small. 

6  16  ' 

f 

8raaU. 
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Mexican  Stations. 


xnciiDaTa. 

NSOompt. 

EW  Compt. 

Washington.   NS  CSompt. 

Dnration. 

T 

2a 

Dm-atioii. 

T 

2a 

Duratiou.  i 

T 

2a 

m  • 

IdltL 

m  • 

miM. 

III  t. 

«e<>. 

mm. 

10  00 

16.5 

SmalL 

5  30 

27.0 

5  00 

19.1 

t>.'18 

20  35 

18.0 

U.IO 

13  00 

21.9 

15  90 

16.0 

0.15 

5  50 

13.5 

Btutioiis. 

Potsdaui. 

EW  Compt. 

Potsdam. 

Compt. 

Gdttiugeu. 

m  ■ 

MC. 

5  00 

20.0 

0.13 

25.0 

4  44 

24.4 

0.18 

34  30 

20  20 

17.8 

aoB 

20.0 

0.07 
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The  following  remarks  on  the  amplitiule  aud  period  of  the 
motion  are  based  on  the  preceding  table. 

jlmplitiuie.  The  greatest  2a  of  0.48  mm  occurred  in  the  NS 
component  at  Tacubaya,  the  dependence  of  the  amplitude  on 
the  epicentral  mc^or'twe  distance  being  as  follows : — 

Taciibaya  231°  21'  3o=:0.4«"""  (NS  Compt.) 

Cheltenham  254  38  0.28     (EW      „  ) 

QawccB  3€6  06  0.37    (NW-SE„  ) 

T<Ayo  308  34  0.19    (EW      „  ) 

Eacli  of  the  above  maximnm  mnvcinonts  hud  iH-iiod  vaiying 
between  18.0  aud  lOw  sec.,  witli  the  mean  valne  of  10.1  sec. 
The  2nd  maximum  was  always  greater  than  the  Ist  maximum, 
the  mean  mtio  being  nearly  that  of  2  : 1. 

In  the  NS  component  diagram  o1)tained  at  Tacubaya,  the 
motion  was  very  well  marked,  i\tc  ami)litudo  recorded  being 
actually  gi-eatei*  than  that  of  the  IT,  motion,  or  tlie  eartlit[uake 
praper.  As  Tacubaya  is  situated  nearly  in  the  meridian  passing 
through  the  earthquake  origin,  the  NS  component  motion  cor- 
responds to  the  UmgUudmal  wave,  the  EW  component  motion 
corresponding  to  the  frmuvente  icave.  (Hee  also  §  7.)  The  max. 
2a's  of  tlie  IK,  motioji  in  these  two  directions  were  iu  the  ratio 
of  4.8  :  1. 

(Period.   At  the  commencement  of  the  NS  component  of 
at  Tokyo  thei^  were  some  slow  vibrations  of  7*:=  45  sec.  The 
periods  occiming  in  the  1st  maximum  giY)up  and  the  epoch  im- 
mediately ])i'ccediii^^  it,  \Yhieli  tugetlicr  form  the  2nd  phase  of  the 
principal  portion,  were  as  follows : — 
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130.0  sec. 
29.0 


Mean.  29 A 

(Uax.  2a  =  0.06  mm) 


/27.0  uec. 
25.4 
20.2 
25.1 
25.0 
24.4 
24.3 
28.6 


^22.1  see 
20.8 
20.7 
20.0 
20.0 
19.5 

las 

1&2 
U8.1 


10.5  Hec.  (12.»J  sec. 

15.1  I1I.9 
Mean,  15.8  Mean,  12.3 
(Max.  2as0.1-i  mm)    (M&s.  'iasSmaU). 


Mtan,t!M 
(Mm.  9as0.13  mn) 

Thus  in  the  2nd  phase  of  the  principal  i)(>rtion  there  were  5  sorts 
of  period,  whose  averaj^^e  values  were  rosix'ctively  2'J.5 ;  25.0  ; 
1U.7  ;  15.8  ;  and  12.3  sec. ;  Uie  2a  enclo.sod  in  bmckets  giving  the 
absolutely  maximnm  (single  component)  motion  for  each  kind  of 
the  periods.  It  ivill  be  observed  that  the  vibrations  of  periods 
25.0  and  19.7  sec.  were  larger  and  of  much  more  frequent  oc- 
currence  than  those  of  other  periods. 

The  txirio<is  (xcurring  in  the  2nd  maxiniuni  <rroup  and  tlie 
subH<H]iK>nt  epochs,  which  together  formed  the  3rd  phase  oi.  the 

principal  portion,  were  as  follows : — 


29.5  sec. 
(ICm.  8(is0,06  hub) 


/22.0  me. 

21.9 
20.8 
20.0 
2(».0 
19.7 
19.6 
19.5 
19.5 
19.4 
19.4 
U9.0 


18.7  see. 
18.5 
18.0 
18.0 

lao 

17.8 
17.5 
17.4 
17.4 
17.2 
18.9 
16.0 


13.5  sec. 
(Sauill.) 


Mean,  18.9  sec 
(Mm.  aasO.48  mm) 
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Thus  in  the  pliasc  umler  consideration,  the  period  varied,  with 
two  exceptions,  I>etween  16.0  and  22.0  sec*,  giving  a  mean  value 
of  18.9  sec  The  vibratioiiB  of  this  sort  are  evidently  the  same  as 
tliose  in  the  previoiiB  phase  whose  mean  period  was  19.7  sec. 

Again,  comparing  together  the  three  tables  (A),  (B),  aiul  (C), 
we  see  that  on  the  whole  slowei-  vibijitions  occiirre<l  first,  the 
Hpproximato  order  of  succession  of  the  principal  diffei-eiit  ]H'rir)ds 
being  as  foUows :— (  i  )  45.0;  (ii)  29.5;  (iii)  25.0:  (iv)  19.7—18.9 
sec.  This  occurrence  of  periods  in  the  descending  order  of 
magnitude  (length)  in  a  characteristic  of  the  principal  portion  of 
the  eartliqiuiko  motion. 

Average  (Periods,  Tiie  mean  values  of  the  various  [)t'rio(is  of 
vibration  in  the  \\  \  motion  recoitlod  at  the  different  stations  are 
ooliocted  in  the  following  table,  those  of  more  frequent  occurrence 
being  printed  in  thick  characters. 


TABi-iE  LIL    A\eragi'  Values  of  the  Periods  in  \V\  Motion. 


Tokyo.  ! 

sec. 

tsec. 

Her. 

sec. 

1 

( )hJiku,  1 

12.3 

19.4 

45.0 

19.6 

25.1 

Tadotsn.  i 

19.5 

(tuttiugeu. 

20.(» 

25.0 

l^otsdam. 

17.2 

2(\() 

24.4 

(^nerce. 

15.1 

18.0 

Birmingliam. 

17.5 

las 

25.2 

Washtiigtoa. 

18.G 

16.5 

21.9 

87.0 

Clieltoiiliam. 

18*6 

82.8 

29.0 

Tacabaj'ft. 

ifeaji. 

12.7 

16.6 

19.1 

22JI^ 

26.0 

2a9 

45.0 
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Thus  it  mil  be  observed  that  the  period  most  frequently  ooenrring 
is  19.1  sec.t  bein^  almost  nniversally  indicated  at  the  diffbrent 

places.     The  Jiul  maximura  group  of  the  W.^  motion,  in  which 
the  above-ineutioiiod  period  pi-edoininatod,  may  be  taken  as  cor- 
responding to  the  3rd  phase  of  the  principal  portion  of  the 
motion,  or  earthquake  proper. 

REPETITION  OF  THE  EARTHQUAKE  MOTION  FIRST 
rilUPAUATED  AyjNG  THE  MINOR  ARC. 

148.  ObBeruaiion  o/  Motion,  TABLE  LIII  gives  the 
times  of  occurrence  of  the  W,  wave  or  the  repetition  of  the 

earthquake  motion  lirst  propagateil  along  tlie  minor  are,  observed 
more  or  less  clearly  at  the  7  stations  of  Tokyo,  Osaka,  Tadotsu, 
Cheltenham,  Shide,  Wellington,  and  Colaba. 

TABLE  LUX.  Observation  of      Motion:  Times  of  Occurrence. 


n\  Mulion  ('E-ik*'.  Propc-r) 
Epicentml  '  


Station. 

Diatance 

Tine  of 
oooamneo 

CoaaataemHA 
of  3rd  PlMM, 

GbmrnenotiiMnt 
of  IT]  •  ta." 

Fkino.  Pott.  ^ 

Tokyo  (EW). 

sr*  26' 

h     m  a 

0  69  06 

h      «  « 

1  22  S6 

4  24  06 

Osaka  (EW). 

48  19 

0  68  51 

1  19  62 

4  34  69 

Tadotro  (EW). 

47  02 

0  68  49 

1  18  52 

4  24  36 

Cheltenham  (NS).  , 

105  22 

1  08  39 

1  49  12 

5  22  04 

Sliide. 

58  52 

1  01  00 

1  22  42 

4  34  45* 

Wellington. 

115  45 

1  09  48 

1  59  54 

4  '^c.  3^; 

Colaba.  : 

! 

1     la  28 

0  63  08 

0  56  39t 

4  24  UO 

*  Meanetl  from  Iho  reoordH  given  by  the  twu  pentUilnios  B  and  C, 
%  OoumwBoanient  oC  ttie  itrincipiU  p«tion» 


I 


I 
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The  proptigutiuii  voloeity  of  the  VF,  motion  may  be  calculat- 
ed by  the  "direct  method"  according  to  the  formula 

where  t'^  denotes  the  time  of  oocurrcnce  of  1^.  We  obtain 
the  foUoving  results : — 


TABLE  LIV.   Velocity  of  the  VV;  Motion, 
calculated  by  '*  Direct  Method." 


Epioeutml 
THstaiK'e. 

Itme  Dilfeienoe 
-to 

1 

Yelocity. 
*-Direob  Method." 

Tokya 

>i          ni  • 

411"  26' 

3   33  20 

'  a67 

Osaka. 

40B  19 

3  45  11 

3.36 

Tadotan. 

407  08 

3  34  47 

3.61 

Chelteuhatu. 

465  22 

4  32  16 

3.17 

Skide. 

418  52 

3  44  57 

3.46 

WelUqgtoD. 

475  45 

3  46  48 

3.89 

Colaba, 

373  28 

3    34  12 

3.23 

a4o 

The  identification  of  the  motion  was  extremely  difficult, 
and  the  resnlts  above  obtained  are  to  be  regarded  as,  at  the 

best,  only  jn'oss  approKimations.  The  averojze  value  of  the 
velocity  is  3.40  km  per  sec  "  Avliich  is  nearly  tMpial  to  that  of 
tlie  3rd  phase  of  the  principal  portion  of  Wi>   Assuming,  there* 

•  Ab  urn  be  am  bam  tiie  talne  of  )  given  belov,  tha  MenHfiartton  oi  IPs  for 

WaUiaglaiii  is  inlMliljr  not  quite  ootieet  Tha  yeloeit j  for  fbit  atettoii  bM  tbenCoie  been 
eKlndei  in  deducing  the  avenge. 
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foro  tho  motion  to  corre8ix>nd  to  the  dsd  phase  of  thQ  prin- 
cipal portion,  we  obtain,  from  Table  LUI: — 


Tokyo  

01 

42 

Osakft. 

3 

07 

3 

06 

43 

CShettenham. 

3 

33 

62 

Sliide. 

3 

12 

05 

WdliogftoiD. 

3 

42* 

Colaba. 

3 

27 

21 

 3 

16 

48 

Tho  moan  time  diffetence  of  8  15  48*  deduced  by  ex- 

eluding  the  value  for  Wellington  (marked  with  an  asterisk)^  is 
the  time  intcmil  taken  by  the  eiirtlKiuakc  motion  in  niiiking 
one  complete  eucuit  round  tho  earth  and  does  not  depend  on  the 
epicentfal  distance  x.   We  have: — 

Eaa<th'8  CShsDamllaraiioe  3G0^ 


Vel<x.itv  =  .  ^„_^  _ 

(See  also  the  PubUcaUans,  No.  13). 


—3.^0  km/Hec 


periods  of  Vibration.  The  periods  of  vibration  oocurring  in 
the      motion  were  as  follows. 


Tokyo, 

■M. 

20.5 

nee. 

44.0 

Osjikii, 

18.5 

Tiuluisu. 

36.3 

Clieitouhfun. 

ia2 

Mean. 

19.1 

36.3 

41.0 

The  principal  period  of  vibration  in  is  the  same  as  that 
occurring  in  the  most  active  part  of  the  motion. 
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GENERAL  llEMAliKS  ON  THE  PliOPAGATiON  VEIiOClTlES. 

146.  VeloeiHw  eaUmlated  by  JHree*  Methiod/*  The 
moan  valuos  of  tho  diffei^nt  velocities  calculated  by  the  direct 

inc*tho(i  "  are  as  follows. 


TABLE  LV.   Mean  values  of  the  Velocities. 
*^  Direct  Method/* 


Pluude  of  luotiuu. 

Vdodty. 

Mean 
DuBtatiao. 

1st  Fral,  Tusmor. 

knrraB. 

SOP   — lar 

Id* 

Sod   „  „ 

vi  -  6.63 

40      —115  45' 

61  W 

iHt  Pliaue,  Piiuf.  Port. 
3rd    „   ,  „ 

r,  -  4.07 

v\  =^  ail 

47      -128  47 
39  27'— 128  -^7 

70  52 

j  rmcticiilly  iniU  |>- 
jeixlent  oC  the  dis- 

Commenoemeut,  W^, 

5.0 

Igt  Maximnin,  W^. 

V,  -  a75 

Priucipal  max.,  W^. 

f5  -  3.34 

4 

V,  -  a40 

The  four  vpl<x;ities  r,,  r,,  and  are  in  the  latios  of 
100:  53.5  :  38.7  :  20.1).  The  velocity  of  the  principal  maximum  of 
and  that  of  W^  are  approximately  equal  to  The  1st  ma- 
ximum of  seems  to  correspond  to  the  2nd  phase  of  the  principal 
portion,  and  the  earliest  recorded  commencement  of  the  major 
arc  propagation  to  some  ptirl  of  the  2nd  preliminary  tremor. 

The  average  values  of  the  velocities  for  the  stations  in  Middle 
Emrope  and  Japan  are  as  follows: — 

Vj=10^6  kiu/aec  (22  shitioii8»  meaii  z=50P  24') 
Wi=  5.78    „       (20     „    ,    „     =50  12 ) 
*  Wa=  8.92    n       (7     „   ,    „     =50  17 ) 
t?»=  8.02  (  8     „   ,    „      =60  34 ) 
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These  4  velocities  are  in  the  ratios  of  100 :  o5  :  38  : 29. 

147.  Vektcitiea  calculated  by  JJifferenee  Metliod."  The 
mean  values  of  the  diflerent  velocities  calculated  by  the  difl^reuce 
mctliod  "  are  as  follows. 


TABLE  LVL  Mean  Values  of  tho  Velocities* 
**  Ififferenco  Method." 


Phaae  of  niotioii. 


Ist  Preliiniuai-y  Ti-emor. 

2lMi 

IhI  Piuwe,  Priiw.  Portion. 
3id 


»     t  n 


Piiucipal  Ma^dmuiu,  Wt. 


1 


Velocity. 


limtti  ol  EpfoemfaRal 
]>btaaioe. 


kinu'et. 

11.36 


ih  -  6.46 
r.  4.70 
V,  -  3J28 


370  67'— 12P 16' 

'27  42—128  47 
iVJ  27  —128  47 
30  27—128  47 


The  4  velocities  Os*  cmd     are   in  the  ratios  of 

100 :  56.9 :  41.4 : 28.0 ;  the  mutual  relations  being  nearly  the  same  as 

in  the  cases  of  tho  velocities  calculated  by  the  "direct  method." 
The  agreement  of  the  volixuties  uf  11,  (principal  max.)  and  with 
that  of  the  3i'd  pliase  of  the  principal  portion  is  hero  closer  than 
in  the  case  of  the  **  direct  method  calculation. 

Comparisons  of  the  Vi:!cc:ties  ca!v:..i.:.iii  by    direct    and  "  dif" 
fvrcrcc  "  i/icthods.    Comparing  tlio  mean  values  of  the  different 
velocities  calculated  according  to  the  "  direct  method  "  with  those 
calculated  according  to  the  "  difference  method/*  as  given  in  Tables 
LV  and  LVI,  we  obtain : — 
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Metliul 

( 

)-0M  kju/soo. 

»i 

»» 

)=o.a3 

»♦ 

)=0.17 

<( 

»» 

l> 

)=::0.05 

>  <( 

t> 

»» 

)=0.0U 

Thus  it  Avill  1x3  seen  that  the  velocities  i/j,  i;^,  and  c,,  calcu* 
laiud  by  the  "  difference  metliod  "  were  each  greater  0.63  to  0.84 
km  per  sec.,  than  those  calculated  by  the  direct  method.**  The 
discrt'pancx-  is,  however,  very  nmall  or  nU  for  the  velocities  i\,  , 
and  .  This  fact  seems  to  give  sup]K)rt  to  the  view  that  the 
vibrations  composing  the  Istaiul  -Jiid  preliminaiy  tifmors.  nswell 
as  the  earlier  part  of  the  piincipal  portion,  are  propagated  some 
considerable  depth  below  the  sur&ce,  the  length  of  the  actual  path 
for  each  of  these  sets  of  waves  materially  differing  from  that  of 
tlie  aicual  epieoiitml  distance. 

14a  MuiutU  JtOaHana  of  the  tWereni  VeteeMes*  As- 
suming the  durations  of  the  first  7  successive  sections  of  the 
earthquake  motion  to  be,  as  stated  in  §  8,  in  the  ratios  of  100 : 

Uu  :  71)  (1st  and  'Jiid  phases  of  ])rinoi]>Hl  poHion  tiiken  togetlier)  ; 
OT  :  05  : 95,  we  liave  tliu  following  general  rclatious  among  tlie 
dififorent  velocities'^: — 


X  being  tiie  epicentral  distance  of  a  given  stiition,  and  the 
•  See  the  PMhaOonM^  Na  5  a&d  Kb.  IS. 


Vj  100»  * 
1     1  .  9gff.  . 


Vs    Vi    100 »  ' 
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duration  of  the  1st  preliminary  tremor  at  tiie  latter.  The  quotient 
^1  /  .1;  is  to  be  detennincd  from  some  of  tho  equations  (l)to(4)  in 
{  121,  and  the  equatdon  ( 7  )  in  §  123.  As  an  example,  let  ns 
apply  the  above  relations  to  \he  velocities  of  the  Kangra  earth- 
quake calculateil  by  the  "  direct  method "  for  the  stations  in 
Middle  Europe  and  Japan,  140);  the  mean  value  of  the  .r 
being  50  22',  and  tho  quantity  yi  /  x  being  given  by  equation  ( 1  ) 
of  §  121.   Assuming  v,=  10.38 km/sec.,  we  have: — 

Admt  Valm.  GaJctdated  Value. 

t'l- l().:kS  km/see  10.3H  kw/sec. 

v,=  5.73  6.6 
173=  3.92  3.9 
v.=  3.02  3.1 

The  agreement  between  the  actual  and  calculated  values  is 

fairly  good. 

Q^afio  of  i\ :  v^.  The  ratio.s  of  the  4  velocities  ?*,,  r^,  r^,  and 
Vgt  are,  according  to  the  two  preceding  §§,  as  follows : — 

(i)  "Diraet  Mefbod."  100:53.5:38.7:29.6 

(ii)  "  Diffi»ienoe  Method." . .  100 :  66.9 : 41.4 : 28.9 

Mean  100  55.2  40.1  29.3 

Thus,  amongst  others,  the  mean  ratio  of  Vi :  is  100 : 55.2. 
Now,  the  equation*  for  determining  the  time  (4)  of  earthquake 
occurrence  at  the  origin,  from  the  duration  (//,)  of  the  1st  pre- 
liminary tremor,  is 

/o=<.—  (1) 

Putting  tho  mean  ratio  of  r, :  r,  above  obtainecl,  the  equation 
becomes : — 

*  TliA  JMMIn  tff  the  h^trtti  SarthgiMkt  Inv^U/itkM  OmmUtee,  V6L  I,  "So.  1. 
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/,»li-1.232      ..   (9) 

For  the  puiixiso  of  practical  application,  however,  it  seems  better 
to  adopt  the  ratio  of  i^^ :  obtained  by  the  direct  metitod  " ; 
the  formula  then  becomes 

IJa  Pi  (3) 

Equation  (3)  does  not  much  differ  from  one  previously  given. 

149.  MemariU  on  the  Methods  of  Veioetty  CeOeuiaHoH. 
In  aU  the  velocity  calculations  by  the  "direct  method**  given  in 
the  preceding  Chapters,  the  timf«  of  occurrence  of  the  difl^rent 

phases  of  the  earthquaki-  luotiou  at  a  given  slntion  have  Ik'cu 
compared  with  the  time  {Q  at  the  origin  of  disturbance.  This 
is  equivalent  to  assuming  that  at  the  latter  there  existed  no 
preliminaiy  tremor;  in  other  words,  that  the  various  sets  of 
vibrations  composing  the  seismic  motion  were  generated  simult* 
aneonsly  at  the  centre.  I  l)eHeve  this  snpposition  is  genen^lly 
legitimate,  altliougli  tlu're  is  iH^ssibihty,  t'sjx'C'ially  in  cases  of 
large  eaHhquakes,  of  slight  premonitar}'  sliakinga  apart  from  the 
usual  preliminary  tremors. 


Cliiipter  X.  Niscelloncous  Remorks. 

160*  Notes  on  the  Tokgo  ObHervation^,  Tiie  following  re- 
marks on  the  Tokyo  observations  are  based  on  the  analysis  of 
the  seismograms  of  the  Kangra  earthquake  given  in  §S  13  to  21. 

UL  Small  movements  of  Sensible  or  Macro'Seismic  Charac' 
tcr.  The  Hitotsubaslii  diagram  ftimished  by  a  horizontal  penduhim 
of  8  times  nmguitication  indicated  iu  the  1st  preliminaiy  tremor 
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small  vibrations,  whose  avemgo  period  was  0.71  sec.  These 
movements  were  evidently  of  (he  character  of  maerO'seismic  or 
sensible  motion,  their  period  being  nearly  equal  to  that  most 
frequently  occun-ing  in  ordinary  earthqualce  shocks  observed  at 

Ilitotsubashi.*  The  occniTence  in  <lisUiit  c-irtlKinnke^  of  quick 
vibrations,  whose  period  is  about  1  sec.,  is  uot  very  rare  f  Vi'om 
the  obsen'ations  like  the  above  we  may  conclude : 

( i )  That  a  great  earthquake  disturbance  may  give  rise  to  enudl 
vibratione  of  macro-neienUc  character  at  a  comHeraUij  distant  plaee^ 
especially  when  the  soil  at  the  latter  is  soft.  It  is  a  movement  ol"  this 
sort  w^hich  starts  the  cloctric  contact-maker  of  an  ordinary  Ewing 
or  Gray-Mihie  seismograph  at  a  idx-aS  station ;  those  laige  vibra- 
tions in  the  2nd  preliminary  tremor  or  the  different  phases  of  the 
principal  portion  are  quite  inadequate  to  a£^t  a  macro-seismograph 
on  account  of  the  len^^th  of  the  period,  their  acceleration  of  motion 
of  the  earth's  particle  being  a  very  small  quantity. 

(ii)  tlie  principal  period  of  the  macro- seiwiic  vibration 
at  Mtotstibasid  is  praeticaUy  constant  and  indtpenient  of  ^  earth' 
quake  came  or  of  the  epieentral  distance.  This  infeienoe»  which 
probably  holds  good  for  any  other  place  where  the  ground  is  soft, 
ma}^  be  accounted  for  l)y  assuming  that  the  earth(|Uiiko  vibrations 
at  a  place  are  essentially  composed  of  the  proper  oscillations  of 
the  ground  characteristic  to  the  n^on  in  question  iX  well  defined 
vibrations  at  the  commencement  of  the  difibrent  phases  of  the 
motion  being  excepted. 

(Pidsalorv  OzciUatioiiz.    Botli  before  and  after  the  Kangra 
earthquake  there  existed  very  small  pulsatory  oscillations,  which 

•  See  the  rvMicationa,  No.  11  and  Ko.  13. 

t  The  Puhlioatvma,  No.  13. 

I  Seo  tlie  PviUieatiaRt^  So.  U  pad  K«  13. 
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EWCOMrONENT. 


wore  c'lwirl}*  iccorileil  by  the  troiiiometcrs,  and  wliicli  Ix^loiiged 
to  the  class  motion,*  their  average  period  being  4.1  sec.  By 
the  way,  it  may  be  remarked  that  the  period  of  these  pulsatory 
oficOlationB  was  identical  at  the  University  Compound  (Hongo) 
aifd  at  the  Central  Meteorological  Observatoiy,  in  spite  of  a 
mutual  distance  oi  km,  and  of  an  entii-e  difference  in  tlic  natui-e  of 
tlio  !jn Hinds,  Ix^twcen  tlie  two  places. 

Toniing  om*  attention  to  the  motion,  yte  find  from  §§  14 
to  20,  that  the  records  fiimished  by  the  different  instruments 
were  as  follows : — 

T        Max.  So 

t   (14) :  1st  PteL  Ttomor,  4.C  sec. ;  0.20  mm 

,    (iO):  „  4.4  0.25 

,   (21):  „  4.4  0.17 

,   (18):  „  4.fi      •  O.Sr, 

\  ,«   (20 j :  2nd  Trel.  Tit>mm...     f  s  o.21 

Mean   4.6         0.24  mm 

NS  COMPONENT  :  Ist  Prel.  Tremor, ....  5.2  „  0.14 

VEftllCAL  OOMPT       '    :  „         „         ,      4.2         0.71  (?) 

Gomparing,  for  the  EW  component,  ihe  pulsatory  oscillation  {Q^ 

with  the  earthquake  vibration  (P,),  we  sec  that  the  amplitude  of  the 
latter  was  some  2o  times  tliat  of  tiie  former  ;  the  ix'^ckIs  of  the  two 
sets  of  motion  being,  however,  nearly  equal  to  one  another.  This 
result  seems  to  give  support  to  the  theory  advanced  by  me  some 
years  ago  that  the  pulsatory  oscillations  (Q,  and  Q,)  and  the 
earthquake  vibrations  {P,  and  P,)  are  essentially  alike  in  nature, 
and  that  the  latter  consist  in  the  amplification  of  tlte  fomer,  which 
always  exist  more  or  less  at,  and  chamcterize,  a  jiiven  distriet.f  For 
the  sake  of  reference,  I  give  next  the  periods  of  the  pulsatory 

•  Sm  the  AMievftoM.  Nd  13. 
t  See  thA  AiMitefiMa,  Na  13. 
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osciUations  on  Mount  Tsiikuba  (in  the  province  of  Hitachi,  Japan), 
at  Ishinomaki  (province  of  llikuzen),  Osaka,  and  Taito  (Formosa) : 

(  i  )    Mount  Tsnkubft*  (uSSiiiuA^^Io).  Qi :    !r=  about  4  sec. 

^ii)    Isliiiioiualu.  Qii   jT^ 5.2  sec.,  2o =0.05  mm. 

{  7'=5.<;  „  ,  2a  =0.2  mm 

(iii)  Taito  (FormoMi).  -  ^   ,  ^  « 

^  '  '  ^1  T=i,7  „  ,  2a<0.2  mm. 

(iv)  Osaka.  Q^:       5.0  see. 

The  pulsatory^  OBcilkition  indicatod  on  the  Batavia  photogram 
(§  47)  had  a  period  of  7.0  see.  and  may  coiTespuad  to 

168,  Or^  the  Comparison  of  diagrams  furmshcd  by  different 
instrumetits ;  existence  of  vibraiions  in  the  2nd  (Prdiminaiy 
Tremor  and  the  ^Principal  ^Portion. 

As  will  be  seen  from  §  §  14  and  20,  the  diagitim  given  by 
the  loag-period  horizontal  j>cndulum  is  uiaterially  diffbreiit  from  that 
jrivoii  by  tlie  tromometer.  Thus,  the  foruu  r  diagram  shows,  in  the 
2nd  preliminary  tremor  most  promineiitiy  4  sets  of  slow  vibrations 
of  T  reBpeQtively=49.7  sec,  37.7  sec.,  86.0  sec,  and  2C.5  sec ;  the 
P,  and  Pj  vibraiions  being  altogether  absent  or  only  insignificant- 
ly shown.  On  the  other  hand,  the  2nd  preliminaiy  tremor  in  the 
tromometer  diagram  is  entirely  made  up  of  3  sets  of  compara- 
tively quick  movements,  namely,  P,,  P„  and  P„  vibmtions,  Again, 
the  long-period  pendulum  record  indicated,  in  the  Ist  and  2nd 
phases  of  the  principal  portion,  prominent  vibrations  of  T  of  27.6 
to  59.0  sec.;  P,  y  vibrations  being  only  shghtly  shown.  In  the 
C()rrosi>on(1ing  pirfc  of  the  tromometer  recoitl,  liowover,  x'lhm- 
tions  wore  indicated  nearly  to  the  same  extent  as  other  slower 
movements,  whose  period  varied  between  16.8  sec.  and  about  &B  sec. 

*  Tlio  olifiervntion  mnrln  wifli  n  horizonfal  jH  ridulnm  tromoirn  tt  r  by  ITis  Imjvprifvl  Highness 
Prince  YuiDiMbinn  at  hi^  ( JbH^rratory  on  MoQat  Tsokuba  bos  pioTod .  tluit  tho  palmtavjr  <Mcil> 
ktion  «ds(8,  though  sliKhUy,  also  0&  (tofid  moaiitiiin  toga. 
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The  principal  cause  of  the  great  dissimilaiity  between  the. 
records  famished  by  the  two  inBtnunents  was  evidently  in  the 
difference  in  the  lengths  of  the  periods  of  natural  oscillation  of 
the  two  pendnhims.* 

The  real  um])litndc  of  tlic  slow  vibrntions  in  the  2nd  pre- 
liminary tremor  and  tlie  principal  portion  seems,  in  great  earth- 
quakes, to  be  considerable  and  much  greater  than  is  shown  in 
most  seismograms ;  the  firiction  between  the  difibrent  parts  of  the 
seismograph  reducing,  even  when  the  steady  mass  has  a  long 
oscillation  period,  the  recorded  range  of  such  a  motion  more  or 
loss. 

One  notable  fact  demonstrated  by  the  tromometer  record  is 
that  the  P,  vibrations  were  not  confined  to  the  Ist  preliminary 
tremor,  bnt  also  occurred  prominently  in  the  2nd  preliminary 

tremor  and  in  the  1st  and  2nd  phas(\s  nf  tlu;  j)rincipal  portion, 
it  is  higldy  probable  that  the  vibrations  exist  throughout  the 
principal  portion  of  every  large  earthquake  motioa.  (See  also  §  126.) 

The  question  of  the  existence  of  vibrations  in  the  piindpal 
portion  is  very  important  in  connection  with  the  discussion  of 
the  different  periods  occurring  in  the  eartlujuake  motion.  As  I 
have  jx)intetl  out  in  the  Publications,  No.  V6,X  the  princii>iil  jK'riod 
of  vibmtion  occurring  in  the  prcliviinanj  tremors  and  the  oid 
portion  is  (some  times  Pj),  and  it  would  be  strange,  if  similar 
movements  did  not  occur  in  the  intermediate  phases,  namely,  the 
principal  portim ;  it  being  quite  natural  to  assume  some  existence 
thruughuut  tlie  I'arthjjuake  motion  of  the  P,  and  P^  vibrations, 
which  arc  identical  to  the  pi-upcr  and  oscillations  of  the 
ground. 

*  800  the  rvhlictdions.  No.  *23 
t  PablUied  in  im 
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IM*  (DireicHon  of  JltAion.  Confining  our  attention  to  the 
£W  component,  we  see,  from  the  analysis  of  the  record  given 
by  the  long-poriod  instrament  {§  14),  that  the  1st  displacement 

of  tlic  initi.il  slow  vibratiuii  uf  each  of  th(>  t\vo  ])rolimiTiniy  tremors 
was  dirt'cicd  towards  W\  the  Ist  motion  of  the  initial  vibm- 
tion  of  the  Ist  pireliminary  tremor  being,  according  to  the  tromo- 
meter record  (|  20),  also  directed  towards  W,  Similar  directional 
tendency  of  motion  was  shown  more  clearly  in  the  Srd  phase 
of  the  principal  portion  recorded  by  the  latter  instniment,  where 
there  were  a  series  of  maximum  gi-onps,  of  \v}ii(*h  1  well  defintad 
ones  have  been  described  in  §  20.  The  amplitudes  of  the  sac- 
oossive  di8|dacements  of  vibrations  composing  one  of  these  groups 
were,  on  the  average,  in  the  following  relative  lutios : — 

Istdtspl.  SnddispL   SidcUspl.  ithdispL  SUidispL  OthdispL 
j   (E)  (W)  <E)  (W)  (E)  (W) 

I   1.00         \M  3^)1         6.22  6.90  5.(jO 

It  will  be  thus  seen  that  the  Ist,  2nd,  and  Srd  displacements, 
were  directed  towards  E,  W,  and  £,  respectively ;  it  being  the  4th 

and  westward  motion  which  constitutes  the  first  and  sudden  large 
displacement. 

In  the  NS  component  diagram  (§  1*)),  the  1st  displacement 
of  the  weli«defined  slow  vibration  at  the  commencement  of  the 
Ist  preliminary  tremor  was  directed  towards  N ;  the  very  initial 
motion  of  (|uick  movements  mixed  with  the  above  being  also 
directe^l  towards  N. 

155.  Himilaritu  with  the  dLagramn  of  tlie  Alaska  earth- 
quakes. The  E\V  component  Tokyo  diagram  of  the  Kaiigi'a 
earthquake  (Fl.  I,  the  PubUcaiiomt  No.  23)  is  on  the  whole  some- 
what similar  to  those  of  ilie  Alaska  earthquakes  of  1890  and 
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lOOO'^;  the  movements  at  the  commencement  of  the  2nd  preliminary 
tremor  being  specially  alike  each  other.  This  is  evidently  the 
rcsalt  due  to  a  sort  of  symmetry  of  the  positions  of  the  origins 

of  the  two  sets  of  oarthqiuikes  with  respi'ct  to  the  mcridiuii  (or 
prime  vertical)  of  Tokyo ;  tin-  jKisitioiis  t)f  tiie  centres  in  question 
relative  to  the  latter  place  being  as  follows: — 


Epicentiiil  DiHtAO«e 
ot  Tukyo. 

5r  20' 


ungiu. 


W  75=^  05'  30"  (from  N) 
E  40'  cu. 


Kanj^ru  E^jke. 
Alaska  Eqke«.       55"  ca. 

166*  Tiitu  difference  bekoeen  Tol^o  and  Osaka.  The  times 
of  commencement  of  the  successive  phases  of  motion  at  Tokyo 

and  i)suka  were  as  follows  : — 

TABLE  LVIL   Time  IMfferonoe  between  Tokyo  and  Osaka. 


riiase  of  xnotiou. 
(Commeiioeiiient) 


Tokya 


Tinir:  DiHerence. 
(Toi^jo-OnkB.) 


(i) 

Iflt  Kd.  TrBinor* 

h 

0 

IU  a 

59  08 

0 

IN  « 

58  51 

+17 

(ii) 

and  „ 

1 

06 

46 

1 

06 

03 

48 

(iu) 

iHt  Phase,  Frinc.  Portloii. 

1 

14 

24 

1 

13 

15 

69 

(iv) 

1 

22 

34 

1 

20 

09 

145 

(V) 

4th     „  , 

1 

33 

49 

1 

30 

05 

224 

(vi) 

r>th    „  ,  „ 

1 

42 

04 

1 

38 

05 

239 

(vii) 

Max.  Mot.  iu 

3 

39 

07 

8 

40 

5(i 

-109 

The  arciial  opiceiitral  distances  of  Tokyo  and  Osaka  are  51° 
'^26'  and  48  19'  respectively,  and  consiqiu  iuly  the  time  differences 
between  these  two  places  (Tokyo— Osaka)  were  positive  for  tlie 
different  phases  of  Wx  or  the  earthquake  proper,  but  negative  for 

*  806  Pis.  MI  and  YIII  of  tbo  i^icotioiw,  Na  5,  und  I'l.  XXXVI  of  the  FvttlUsaiiimM, 
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the      motion.  It  is  difficult  to  detenninc  exactly  the  instants 

of  eommcncenumt  of  some  of  the  different  phases  of  motion,  and 
the  above  time  diflbrcnccs  iim  only  rouj^h  values,  with  t)ie  excep- 
tion of  two  well  defined  cases  of  tlio  2ud  and  tlie  last ;  which 
two  relate  respectiTely  to  the  oommenoements  of  the  2nd  preli- 
minary  tremor  and  the  maximum  vibration  in  the  Wt  motion. 
Caloolftting  from  these  two  cases  the  transit  velocities,  we  obtain 
the  following  approximate  results :  — 


(See  also  Clmpter  IX.) 

107.  CamparUon  €f  individual  vibraUenB  in  the  Tokyo 
and  Omka  Seimnograma.   Some  of  the  individual  vibrations  in 

the  1st  and  2nd  preliminaiy  ti*emors  can  be  idcntifiefl  with  fair 
accuracy  in  the  Tokyo  and  Osaka  EW  component  diagi-ams ;  the 
times  of  occurrence  of  the  corresponding  movements  in  the  two 

records,  denoted  by  similar  letters,  a,  h^e^d  «,  U     being  as 

in  the  following  table.  (See  Pis.  I  and  VI,  the  PuMieaUonst  No.  23.) 

TABLK  LVm.   Comparison  of  the  Diflferent  Yihrations  in 


5V  26'— 48"  19' 


the  Tokyo  and  Osaka  £W  Diagrams. 


Vibmtioii. 


Tokyo. 


Osaka. 


Time  Diffaroiioe. 
(Tokjro-Omka). 


h  m 


ni  n 


f  a 


b 


e 


{)    59  08 


1   OU  05 


0    69  Ki 


0  58  r,i 


0   59  40 


17 
20 
25 


[ 
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Vibmtiou. 

Tokyo. 

Oaaka. 

Tinw  IMfiBrenoe. 
(Tokjo-OaakA). 

h 

til 

ii 

111 

MB. 

(/ 

1 

00 

28 

0 

59 

32 

• 

e 

1 

i»l 

24 

1 

01 

03 

21 

nVntnnf 

/ 

1 

01 

3f; 

1 

01 

12 

24 

1 

02 

23 

1 

02 

(»2 

21 

I  h 

1 

06 

38 

1 

06 

(13 

35 

f  ^ 

1 

06 

46 

1 

o<; 

08 

38 

J 

1 

07 

05 

1 

06 

18 

47 

k 

1 

07 

23 

1 

(m; 

35 

48 

I 

1 

07 

65 

1 

06 

50 

65 

m 

1 

08 

63 

1 

07 

58 

55 

2iid  Ti-el. 

» 

09 

49 

1 

08 

49 

60 

Troiuor. 

0 

1 

10 

48 

1 

09 

58 

50 

07 

10 

19 

P 

1 

11 

1 

48 

? 

1 

11 

45 

1 

10 

42 

63 

r 

1 

12 

34 

1 

11 

25 

69 

a 

1 

13 

07 

1 

11 

53 

74 

I 

1 

13 

40 

1 

12 

23 

77 

\« 

1 

14 

24 

1 

13 

15 

69 

The  identifications  given  in  the  ahove  table  indicate,  on  the 
whole,  a  gradaal  separation  of  the  sucoessive  vibrations  at  the 

rate  of  about  3.93  sec.  for  i  minute  of  the  Juration. 


168.  XeWf  PaMey,  and  San  Fernando  Mecords,  Some  of 
the  mazimiun  movements  may  be  identified  in  the  seismognuns  at 
San  Fernando,  Kew  and  Paisley ;  these  arc  marked  by  the  letters 

a,  h....vi,  n.  But  the  times  of  oceuiTence  of  these  maxima  at 
the  above-mentioued  3  stutiuus  are,  as  given  in  tliG  following  table. 
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not  perfectly  in  accordance  to  the  lespi'ctive  epiceiui.tl  distances, 
due  probably  to  an  inaccuracy  in  tlie  identitications.  We  cau 
Boe,  however,  from  examples  like  these,  that  the  teleselBmpgrams 
obtained  at  neighbouring  places  ooght  to  be  nearly  identical,  if 
not  much  interfered  by  the  proper  instrumental  oscillations. 


Max. 

.Sau 
FEnnaoda 

Paialdy. 

1 

Kew.   j|  Max. 

'i 

8au 
Fernanda 

Paisley. 

Kev. 

! 

1 

1  111 

!<;.() 

.. 

ii 

1 

ni 

13.2 

1 

! 

' 

l' 

m 

51.7 

ii 

1 

48.0 

h  m 

1  45.7 

a'  , 

1 

20.8 

1 

10.3 

; 

1 

57.8 

1 

54.0 

1  — 

a  ' 

1 

29.0 

1 

20.7 

1 

25.4 

2 

1.5 

5<J.O 

1  53.0 

1 

HI. 7 

1 

29.0 

1 

27.3 

2 

7.0 

2 

5.8 

1  50.5 

b 

33.8 

1 

31.4 

1 

28.9 

h 

2 

14.5 

2 

12.8 

2  7.0 

c 

1 

30.7 

1 

31.4 

1 

I 

2 

2(1.4 

2 

17.9 

2  13.7 

d 

1 

39.0 

1 

30.4 

1 

35.5  { 

m 

2 

27.0 

2 

30.4 

2  22.0 

e 

1 

42.5 

1 

39.8 

1 

37.7  1 

n 

2 

35.7 

2 

36.5 

2  31.0 

f 

1 

45.5 

1 

43.9 

1 

40.4 

1 

159.   Vihrations  of  Short  J\  rfo4ltt.  The  periods  shorter  than 

J\  observed  at  some  of  the  different  stations  were  as  follows : — 


(i) 

SBtofamboslii  (Tokyo) : 

r=o.7i 

aeo. 

(ii) 

Hmgo 

p 

•* 

(iii) 

Taihoku 

• 

• 

„  =1.07 

II  i 

r=2.1  see. 

(iv) 

Batavia 

„  =1.4 

>i 

(V) 

Manilu 

• 

„  =2.0 

u 

(peuUuiuni  i)H<;ilbitiou.) 

(Vi) 

Ciuttiugou 

• 

„  =.2.2 

n 

(vu) 

Upeala 

m 
m 

„  =2.5 

n 

The  vibrations  corresponding  to  these  periods  were  always  very 

small.  As  already  stateil  in  §  150,  (i)  is  the  same  as  the  period  of 
the  motion  on  the  occasion  of  ordinary  shocks  observed  iu  the 
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low  soft  pari  of  Tokyo.  The  periods  of  1.07  sec.  at  Taihoku 
(iii),  and  of  1.4  sec.  at  Batavia  (iv),  also  characterise  the  move- 

monts  of  macrosoiinic  iiatni'C.  The  semi-macroseismic  periods  ob- 
served at  llougo  (ii),  Tailioku  (iii),  Gottingen  (xi),  and  Upsala  (vii), 
varied  between  2.1  and  2.5  see.,  giving  the  average  value  of 
2}  seo.   This  is  approximately  equivalent  to  ^P,. 

160.  Durationa  of  the  Successive  Sectlotis  of  the  Earth- 
quake  Motion.  Lot  the  durations  of  the  Ist  and  2nd  preliminary 
tremoro,  and  the  Ist,  2nd,  3rd,  and  4th  phases  of  tiie  principal 

portion  be  respectively  denoted  bfy  y„  v/,,  y,.,,  //j,  and  yg*,  the  1st 
and  2nd  })hasts  of  tlic  latter  ])ortion  being  taken  togetlior.  The 
values  of  the  y's  obson-ed  at  the  15  different  stations  on  the 
occasion  of  the  Kangra  ^u^hquake  are  given  in  Table  LIX; 
the  stations  being  divided  into  two  groups  (J)  and  (II),  according 
to  their  epicentral  distances.  An  asterisk  su£Sxed  to  the  name  of 
a  station  signifies  that  the  respective  durations  have  been  deduced 
by  taking  the  means  from  more  than  one  seismogram. 

TABLE  UX.  Dorations  of  the  Successive  Sections 

of  the  Earthquake  Motion. 


Station. 


/  Tokyo.* 
Osaka. 


Tadotsw. 
Tiiilioku. 
Taichu. 
Birmiugham. 


l8t  FteL 

(Vi) 


7  17 
7  12 

7  00 

fi  (Hi 

r>  14 

8  21 


and  ProL 
Tieinar. 

(Vi) 


7  42 

6  65 

7  42 

5  25 
5  10 

7  37 


l8t&2ndPh. 
(lf*.4) 


3nl  Phase, 


IB  » 

7  19 

6  54 

5  21 
jr> 

4  50 

8  49 


4  35 


n  a 

8  50 

9  56 

6  30 

5  30 
5  40 
9  30 


4th  Pha8«, 
Ptino.  pQtti 


m  a 

8  00 
6  00 


G  21 
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8l»tioti. 

iJrt  Prel. 
Tremor. 

im\  I'Tcl 

XTvDIOr. 

1 

lHt.V'2n<l  Ph.. 
J.  Tint!.  1  uii- 

I 

3rd  Tbnae, 
X  niic  iTwif* 

M 

4th  Pbane. 

A  Kill  V  •   i.  UI1 . 

(QDWto-CMtoUoi 

7  15 

m 

(16 

09) 

m  ■ 

8  15 

■1  > 

GottiQeeii. 

7  17 

7  40 

m  « 

6  35 

5  55 

5  35 

Leipslg.* 

7  HR 

7  a7 

(  Of 

ft  9ft 

7  45 

5  33 

Manila. 

6  38 

5  10 

6  10 

708 

1 

666 

686 

741 

607 

'  Wasliineton. 

'   15  02 

12  09 

13  41 

93  50 

Gholteiiliaai.* 

14  44 

12  15 

14  39 

11  31 

11  30 

n 

Tacnbaja. 

16  88 

15  43 

18  04 

14  53 

1517 

18  06 

15  46 

16  11 

U80 

Thus  it  will  bu  seen  that  the  durations  of  the  snerossive 
sectiona  of  the  earthquake  motion  are,  for  each  group  of  the 
stations,  roughly  equal  to  one  another.  The  relative  durations 
expressed  in  percentage  numbers  are  given  in  tbo  following  table ; 
tho  means  deduced  from  the  two  gi-oiips  (I)  and  (II),  supiwsing 
thoir  weights  to  bo  2  :  1,  bemg  y,=  100,  ^,=94,  ^^^4=95,  ^4=10(3, 

TABLE  LX.  Bolative  Durations  of  the  Successive 


Sections  of  the  TeleaeiBmic  Motion* 


Groiip, 

1 

STs 

9b 

9o 

I. 
II. 

J/eon. 

1  100 
1  100 

100 

98 
94 

91 

103 

95 

109 
99 
106 

87 
74 
83 

Table  §8. 

1  100 

95 

79 

91 

95 

General  average. 

J  100 

95 

87 

99 

89 
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For  ilic  sake  ol  rufcience,  1  have  also  given  in  the  above 
table  the  relative  durations  in  question  based  on  the  previous 
oliflorvatioiis  made  in  Tojsyo  (§  8).  The  general  average  values 
obtained  hy  combining  these  ^th  the  means  of  the  two  groups 
(I)  and  (II)  are  as  foUows  :  //j=^100, 2/3=0&  lfj.4=87,  |/fi=99,  Vt^W, 
Tabic  ill  (§  8)  gives  tlie  durations  tor  the  two  more  succeeding 
sections. 

tSL   Wave-tengthoftheSarthqftake  MoHon*     Tho  wave* 

leiiizth  (/>)  of  tlic  *|uickest  and  slowest  teleseimie  vibrations,  whose 
Ijenoils  are  icspwtively  P,  and  /^,a  and  which  occur  in  tlie  1st 
and  2nd  prehminary  tremors,  are  as  follows: — 

Ist  FteL  Ttomor.  L=Pt  x^isOx  11.36 »  49  km; 

2iid  „       „   L=Fj,xViStS6y   6.41 =656  „  . 

For  the  predominating  vibrations  in  the  3rd  phase  of  the  princi- 
pal portion,  we  have: — 

LsP^  X  ^2=20.4  X  3.98=67  km. 

Thus  it  seems  that  tlie  vibrulions  composing  the  teleseismic  motii^n 
have  each  a  long  wave-length,  ranging  from  about  50  km  to 
over  500  km.  Hence  it  is  to  be  concluded  that  such  earth- 
quake motion  does  not  vary  according  to  the  contour  or  nature 

of  the  jjroimd  within  a  limited  area.  On  many  occasions,  1  have 
obtained  similar  din^iiims  with  the  liuii/.untal  pendulums  u£  dif- 
foixjut  coustmctions  at  HongO  and  Hitotsubashi,  although  at  the 
former  place  the  ground  is  high  and  hard,  while  at  the  latter  it 
is  low  and  very  soft  It  is  probable  that,  had  the  instmiments 
at  Tokyo  and  Osaka  boen  exactly  identical  in  con^tniction  and 
adjustments,  the  diagrams  of  the  Kangra  eartliquake  at  these  two 
places  would  have  \)cvn  almost  perfectly  similar  to  each  other. 
Notwithstanding  the  differences  in  the  instruments,  the  seismo* 
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grams  at  Tokyo  and  Osaka  were  so  far  alike,  that  the  individual 
oorresponding  vibraUonB  have  in  many  cases,  been  identified. 
Conversely,  it  many  be  supposed  that  earthqaakes  originating  at 
neighbouring  centres  would  give,  in  general,  similar  diagrams  at 

a  given  observing  station.  Tliis  has  been  verified  in  the  cases  (^f 
many  teleseismic,  as  well  as.  niacroseismic,  or  sensible  earthquake 
motion  observed  in  Tokyo."^ 

Quick  VibraHotts.  Small  quick  vibrations  of  nuuiroseismic 
nature  occurring  in  the  telesoismic  disturbance  seem,  unlike  the 
slow  movements,  to  dcpt-nd  on  tlie  iiuturu  of  the  groiind,  and  arc 
probably  to  lie  regai'ded  as  the  secondary  efiect  of  the  microseis- 
mio  or  pulsatory  movements. 

1^.  Mature  of  the  Two  I*rcliini narfj  Tremors*  It  is 
generally  recognized  that  tiie  1st  and  2nd  pi-eliminary  trcmoi'S  of 
tho  ideseimic  moUon  belong  to  the  "longitudinal**  and  the 
**  transverse  '*  waves  respectively.   It  is,  however,  not  clear  why 

tho  transverse  vibration  is  in  these  cases  always  much  greutcr  than 
tlie  longitudinal.  The  diagrams  of  the  Kangra  cartliqnake  also 
indicate,  in  general,  tho  same  relation  of  tho  two  preliminary  tre- 
mors. 

( i )  Mexico  and  Umcrka.   According  to  Table  II  (§  8),  Tacu- 

baya  is  almost  to  tlie  due  north  of  the  origin,  and  from  the 
seismogiaius  (PI.  X,  tha  Pubiicalions,  No.  23)  we  sec  that  in  the  NS 
or  longitudinal  component,  tlie  vibrations  in  the  Ist  preliminary 
tremor  was  more  distinct  than  in  the  £W  or  transverse  component 
The  movements  of  the  NS  component  were,  however,  less  promi- 
nent than  those  of  tho  EW,  in  tho  2nd  preliminary  tremor  and 
tlie  ist  and  2nd  phases  of  the  principal  jioiiion ;  on  the  conti'ary, 

•  See  Om  JMUkaOnu,  ITa  SI. 
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the  NS  compoiiGut  being  inucl!  l!ir<zcr  than  t\w  EW  in  the 
3fd  and  4tii  phases  of  principal  portion  and  in  the  motion. 

The  Caieltenham  records  do  not  markedly  indicate  the  direc- 
tional peculiarity,  except  that  the  3rd  phase  of  the  principal  per- 
tiun  is  much  grc4iter  m  the  NS  (longitudinal)  component  tlian  in 
the  EW  (tmiisverso). 

(ii)  Ceniral  Europe,  Of  the  Central  Europe  stations,  whoso 
EW  and  NS  components  approximately  or  very  nearly  corres- 
ponded to  the  longitudinal  and  transverse  vibrations,  Potsdam  and 
Gottingcn  show  very  clearly  the  following  characteristics :  — 

(a)  la  Uie  1st  Itelimiiiiurj  Ttemoi',-  EW  motion  was  mnoh  greater 

than  the  NS  motion. 
(A)  In  the  3iid  PlroliminBiy  Tremor  and  the  Ist  and  Sod  Phaees 

of  the  Prhicipa]  Btvtlon,  the  EW  motioD  vm  mneh  snuUer 

tiiHii  t]ie  NS  laotiou. 

(c)  In  tho  Hid  Vhivii'  of  the  PnuciiMil  I'oitiou,  tho  EW  inoUoa  was 

greater  tliau  tlie  NS  nioiiou. 

(d)  Wj  .  .  . .  KW  iQotion  waa  uiucli  grettter  thau  luotiou. 

Again,  the  4  other  stations  of  Quarto^Castello,  Leipzig,  0*Gy- 
alia,  and  Ischia,^  show  the  following  characteristics:^ 

(a)    lu  tho  I^t  Pieliaiiimn  Tremor,  the        laotioii  wus  gicuUjir  Uuiii 

a 

llic  XS  motion. 

(6)    lu  tho  'iucl  Pieliauiiju  V  'rK  iixn   aiifl  tlio  1st  and  2nd  Phases 

of  the  Principul  I'oifciou,  the  EW  motiou  was  much  smaller 

tliaii  tJie  NS  motiou.  * 
(c)   The  NSS  Com|x>uent  mot  ion  wae^  except  ibr  Jficbia,  on  the  whtde 

greater  than  the  EW  component  motKm. 
(<2)  3rd  and  4th  Phases  of  Principal  Portion  At  laobia,  the  EW 

motion  was  mncsh  greater  than  the  NS  motion. 

*  Tbo  copks  of  the  sdismogranui  oblaincd  ut  tliueo  i  btaliouti  wcro  Dot  loug  ouoiigb  lo 
enable  aie  to  iOenti^  tbe  IT,  inaAion. 
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(iii)  Japan.  The  seismograms  obtained  at  Tokyo,  Osaka  and 
Kobe,  whose  EW  and  KS  components  approximately  correspond 

to  tlie  longitudinal  and  transverse  vibrations  respectively,  show 
the  following  characteristics  : — 

(a)  In  the  lal;  Pteliminary  Tremor,  the  EW  motion  m»  greftter  than 
the  motbn. 

(6)  In  tihe  2nd  F^minaiy  Tiemor  and  the  Ifit  and  2nd  Fhaaes  of 
the  FKincipal  Portion,  the  EW  motion  ma  smaller  than 
NS  moti<m. 

(c)  In  the  did  and  4th  Phaaee,  Principal  Portion,  the  EW  motion 

was  greater  ttuin  the  NS  motion. 

(d)  W,  EW  motion  wjis  ^-eater  tlmu  NS  inotiou. 

Summary.  Although  the  iiiterfoi-ence  of  the  proper  instru- 
mental  oscillations  makes  it  often  very  difficult  to  form  a  correct 
comparison  of  the  vibration  amplitudes  between  the  diflbrent  seis- 
mograms, we  may  condnde  from  what  was  stated  abov«  provi- 
sionails  as  follows: — In  the  preliminary  tremor  and  the 
3rd  and  4th  phases  of  the  principal  portion,  as  well  as 
the  principal  part  of  the  VT,  motion,  the  longitudinal 
vibrations  predominate  more  than  the  transverse;  while 
in  the  2nd  preliminary  tremor  and  the  1st  and  2nd 
phases  of  the  principal  portion,  the  transverse  vibra- 
tions predominate  more  than  the  longitudinal/*'  The 
difibrence  in  the  magnitude  of  motion  between  the  two  component 
wave  vibrations  seem  to  depend,  in  the  cases  of  the  1st  and  2nd 
preliminary  tremors,  and  the  Ist  and  2nd  phases  of  the  principal 
portion,  chiefly  on  the  predominance  or  comparative  absence  of 
slow  movements. 

*  In  this  conDectioD,  I  he  remler  is  refermi  to  Dr.  Imnmnm's  paper:  "Note  on  the  EHiec- 
tion  and  MogQilude  oC  the  vibm^ioiw  in  the  ni0«teot  ^sboiioC  the  Earthquake  Motion.*  The 
JButMin.  Vol.  I.  Ka  3. 
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Of  the  sections  later  than  the  3rd  phase  of  the  principal 
portion,  the  8th,  or  the  commenoement  of  the  end  portion  seems 
to  he  due  to  the  transverse  motion.  (See  ihe  Publieatwns,  No.  13.) 

163,  rathH  of  Enrthqttrtl'e  Pt  opagation,  That  the  vibra- 
tious  of  the  3rd,  and  in  many  cases  strongest,  phase  of  the 
principal  portion  are  propagated  along  the  earth's  sur&ce  seems 
to  be  evident,  their  transit  velocity  being  the  same  as  that  of  the 
ordinary  macroseismic  or  sensible  earthquake  motion  of  near 
origin.  It  tliiis  seems  that  the  principal  enerjry  of  the  eartli([iiako 
shock  is  propagated  not  through  the  earth's  interior,  the  observa- 
tions having  shown  so  far  no  positive  instance  of  such  seismic 
transmission  to  places  at  a  considerable  distance  from  the  origin 
of  disturbance.  In  the  case  of  the  Kangra  earthquake,  the  furthest 
station  was  Tacul)aya,  Avliose  epiciiitrjil  arcual  distance  was  a 
Httle  more  than  of  the  wiiole  eai-th's  circumference ;  the  ditlerent 
velocities  for  Tacubaya,  liowever,  not  showing  an  evidence  of  the 
internal  direct  transmisson.  The  improbabilij^y  of  the  chord 
hypothesis  has  already  been  pointed  out  in§  118. 

As  reganls  tlio  preliminari"  ti-emors,  I  have  state<l  in  the 
Piiblicatiom,  No.  5,  a  supposition  that  the  disturbances  with  the 
ti-ansit  velocity  pmbably  tiuvels  parallel  to  the  earth's  surface 
at  some  constant  depth,  the  formation  of  the  small  vibrations  in 
the  1st  preliminary  tremor  being  explained  as  follows : — A  small 
part  of  the  seismic  ener^?y  communicated  in  a  downward  direction 
at  the  origin  causes  some  IVh  IiIc  slinking  to  be  prupagntiil  towards 
the  earth's  int^or.  Such  a  disturbauce  travels  with  a  higli 
velocity  of  over  10  km/sec.,  along  a  layer  some  depth  below 
the  surfiaoe,  and  would  constitute  a  progressive  source  of  stress 
and  give  a  sort  of  impetus  to  the  up|x-r  layer  of  the  eartVs 
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ciiwt  in  a  given  r.»gion ;  tlu;  latter  b^ing  c  rtisoquently  tUiwn  into 
its  own  proper  oscillations  of  peritHls  P, ,     ,  etc. 

The  liyei*  here  considered  may  be  supix^sed  as  marking  the 

limit  lu'Vfind  winclu  thv  scisTiiit-  Wfivcs  jiie,  t)n  acr-oiiiit  of  some 
physical  proporties  of  the  uiuicrlying  medium,  uiiulik'  t«>  ix'iietrate.* 


Fig.  20. 


«6  Earth's  Sin  hu  «-. 

cd... . Vnth  of  Ist        Trainor  Vibrations. 

')        E<ilco  (Vntre. 

s  . . .  .Obxerviiitr  Statiou. 


One  metliod  of  ex- 
palaining  the  discrep' 
ancy  l»ctween  the  ve- 
locities crtlcnUitfHl  by 

tho  "  (liiHvt  method  " 
uiul  the  corrcsiKiiidiiij^ 
viihiort  calculated  by 
the  "diflerence  meth- 


od" is  to  sni)iM)«e  the  layer  in  t!»e  above  hyi>otheHis  to  be  tolembly 
deep.  \)v.  ]nv,\muv;\  thinks,  hs  results  of  his  studies  in  this 
eonnection,  tlie  depth  of  the  layor  in  qucsiiun  to  Iw  sevenil 
hundre<l  kilom<'tres,;{;  Diagi'animaticaliy  the  pjitlis  of  the  vibrations 
of  the  l8t  preliminary  tremor  and  the  3rd  pliase  of  the  principal 
poiiiou  would  lie  respectively  somewhat  like  ocdn  and    in  Fig.  20. 

♦ 

164.   ConelttHon,    Thei^«  an^  many  points  to  1h;  discussed 

iji  connection  with  the  teleseisinic  motion,  whicli  have  not  heen 
touched  upon  in  the  foregoing  pages.  A  (;oni|>aiison  of  tlje 
observations  of  the  Kangra  earthquake  with  those  relating  the 
Assam  and  Bengal  earthquake  of  1897  and  otlier  large  recent 
earthquakes  is  raservod  for  a  future  occasion.  Whether  the  com- 
paratively low  transit  velocities  of  the  Kan<:ia  eai-thquake  wei'e 
cojuioctcd  witii  the  continental  origiu  ru(|uires  lurtiier  stutlies. 

*  l>n>f.  ir.  Nngauka  liii-s  )>n.)i>"i^*-<l  i>  i\\t*»y  of  tb«  layer,  lllODg  wbich  thi>  IHOtingtltiou 
VfliH-ity  iii  mnxuiiuiQ.  Se«  the  i^bUcntioH-s,  Nu.  4. 

X  A.  iBuaDQin:  ''Ou  (he  TmiMit  velocity  of  the  Ruthiinnhe  mution  originAtiug  At  a  new 
<1nrtniic<>."  The  TNtUjcoftOM*,  No.  IN, 
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